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CONTRACT TRIAL OF THE OLYMPIA, 


By AssisTANT ENGINEER R. E. Carney, U. S. Navy. 


The Olympia is a steel, twin-screw protected cruiser, of about 
5,500 tons displacement, and was built and engined by the Union 
Iron Works, of San Francisco, Cal., under contract with the 
Government. The contract price was $1,796,000, with an addi- 
tional bonus of $50,000 for every quarter-knot in excess of the 
required average speed of twenty knots per hour for four con- 
secutive hours. 

All the material used is of domestic manufacture, the plates 
for the hull having been furnished by the Carbon Iron Co., of 
Pittsburgh, Pa., and the shapes by the Midvale Steel Co., of 
Philadelphia, and the Pacific Rolling Mills, of San Francisco, 
while the boiler plate came from Carnegie, Phipps & Co., of 
Pittsburgh, and the shafting from the Bethlehem Iron Co., of 
Bethlehem, Pa. 

She has two masts, the foremast with two and the mainmast 
with one military top. 

The hull is constructed throughout of mild, open- -hearth steel. 
The outside keel plate is 4 inch thick, reduced at the ends to 
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} inch, the inner keel plate and the outside plating } inch thick, 
the former reduced to 7% inch at the ends. The sheer strake is 
extra heavy, being 1 inch thick, reduced to # inch forward and 
aft, and the inner bottom plating is of ;5, inch metal. 

There are ninety-one frames, spaced four feet apart within the 
limits of the double-bottom space, and three feet six inches apart 
forward of and abaft this space. 

On each side of the vertical keel are four longitudinals, of 
which the two on each side nearest to the vertical keel are water- 
tight. The fourth one on each side is simply a 7-bar. 

Armor.—The protective deck is two inches thick on the flat, 
and four and three-quarters on the incline, between the limits of 
the machinery space, the latter dimension being reduced to three 
inches outside those limits. In the wake of the engine-room 
hatch, where the tops of the main cylinders require additional 

- vertical protection, a glacis plate four inches thick is worked in, 
inclined at an angle of thirty degrees. 

Battery —The battery consists of four 8-inch breech-loading 
rifles mounted in pairs in two barbettes, one just forward of, and 
the other abaft the central superstructure ; ten 5-inch rapid-fire 
rifles in broadside on the main deck, four 6-pounders on the 
superstructure deck, under the bridges, and ten 6-pounders on 
the berth deck. In addition there are to be six Howell torpedo 
tubes, one at the bow, one at the stern and two on each broad- 
side, fitted to discharge their torpedoes from above water. 

Inner Bottom.—The inner bottom extends from frame No. 26 
to frame No. 66, inclusive (practically the limits of the machin- 
ery space),a distance of one hundred and sixty feet, and, with the 
frames, longitudinals and vertical keel, forms sixteen double-bot- 
tom compartments proper. Further water-tight subdivision below 
the protective deck is provided for by eleven complete and three 
partial transverse bulkheads, a complete longitudinal bulkhead 
extending on the midships line from frame No. 26 to frame No. 
66—this being continued forward to frame No. 20 and aft to 
frame No. 78, as a partial bulkhead—and by the inner bunker 
bulkheads. Of the three partial transverse bulkheads, two extend 

as high as the protective deck, but only between bunker bulk- 
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heads, while the third extends only as high as the after platform 
or orlop. This subdivision, with the water-tight subdivision 
above the protective deck, comprises one hundred and thirty- 
seven compartments, making a total of one hundred and fifty- 
three water-tight compartments in the ship. Included are the 
trimming tanks, two forward and two aft, so connected by sluice 
valves to the regular pumping system that they can be used for 
giving the desired trim to the vessel. There are forty coal bunk- 
ers in the ship, twenty above and twenty below the protective 
deck, and they, also, form part of the water-tight subdivision. 
Along each side, at the junction of the protective deck to the 
hull, and extending longitudinally from frame No. 5 to frame 
No. 81, is a cofferdam rising vertically to a height of four feet 
above the load-water line. The forward end, for a distance of 
eighteen and a half feet, is carried up to the torpedo flat. The 
compartments of these dams are to be filled with some water-ex- 
cluding material like cellulose or “ Woodite.” 

Drainage and Pumping—The main drainage system consists 
of an 11-inch pipe on each side of and parallel to the vertical 
keel, and extending from the forward fire room on each side to 
a well below the forward end of its corresponding engine room, 
all of the system being within the double bottom. The boiler 
space comprises four water-tight compartments, and all the sur- 
face drainage from the inner skin in the firerooms is taken by a 
strainer for each compartment—making two for each pipe—and 
is thence led to the cisterns aft. The drainage of each engine 
room is led to the main drainage cistern in the forward part of 
the engine room, or to a well at the after end of same. There is 
a special drain pipe from the crank pits, fitted with a hand pump, 
or to discharge into the main cistern through a non-return valve. 
The bilges throughout are cemented, with midship gutters, and 
proper depressions for the strainers, which latter, by the way, 
are fitted with both hand and automatic non-return valves. 

The secondary system is of 6-inch piping, half on each side 
of the midships line, and has communicating valves to connect 
it to the main system. By means of manifolds, or bilge boxes, 
and a system of 4-inch piping, any or all of the double-bottom 
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compartments, or of the lower compartments forward or abaft of 
them, can be filled with water or emptied at will. The second- 
ary drain extends from the bilge boxes in the forward fire 
rooms to those at the after end of the engine rooms, the portion 
in the boiler space being raised above the inner skin. All the 
suctions to the different compartments have basket strainers, ac- 
cessible from the inner skin for change or examination. The 
cisterns to which all this drainage goes are pumped by either of 
two ways. Ordinarily it is by means of a bilge-box connec- 
tion, making either the fire and bilge pump or engine-room 
auxiliary pump available. In case of emergency—as to clear 
the ship of water in case of a leak—the bilge injection furnishes 
means of using the centrifugal circulating pumps either to dis- 
charge through the condensers or directly overboard. In addi- 
tion there are four hand pumps—three 73-inch and one 5-inch— 
with suctions to the valve boxes, and thus to the secondary 
drains. Steam-pump suction from the secondary drains is fur- 
nished by the fire and bilge and auxiliary engine-room pumps, 
and by the four auxiliary feed pumps. 

SUMMARY OF HULL DATA, AT COMPUTED LOAD DRAUGHT OF 21 FEET 
6.6 INCHES. 


Length between perpendiculars, feet and inches ......... 340-00 


Length over all, feet and inches..... 344 -OF 
Beam, extreme, at L.W.L., fect and inches. conser 
Draught, mean, normal, feet and inches............ 21-6.6 
Area immersed midship section, square feet cose 
Center of buoyancy above base line, feet and inches. 12-6 
Center of buoyancy aft of midship section, feet and inches,........ .cccesce seseceses 3-44 
Transverse metacenter above C. B., feet and inches.......0. LO-E} 
Distance from center of gravity to transverse metacenter, feet..........+01 -esseeees 2-087 
Distance from center of gravity to longitudinal metacenter, feet........c00.sse0 332-53 

Coefficient of displacement 00066060 cosues 0.520 
Area of L.W.L. plane, square feet ...... 13,421.4 


Wetted surface, square feet. ° ove 24,864.0 
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Main Engines —There are two vertical, inverted, direct-acting, 
three-cylinder, triple expansion engines, side by side, with a 
midships water-tight bulkhead between them, the engine rooms 
being connected at the level of the middle platform by two 
water-tight doors. The cylinders are of the best quality of 
cast iron, and all are fitted with linings of hard, close-grained 
iron, the annular spaces around the I.P. and L.P. linings form- 
ing steam jackets for those cylinders. The linings are accu- 
rately bored to the following diameters: H.P., 42 inches; I.P., 
59 inches, and L.P., 92 inches, and counterbored at both ends, 
leaving a working length of barrel of 3 feet 8} inches, for a 42- 
inch stroke. The valve gear is of the Stephenson type, with 
double-bar links working the valve directly, the cut-off for full 
gear taking place at about .7 of the stroke. Within small limits 
the travel of each valve is adjustable by means of four slots in 
the reversing arms. The valves are of the piston type, those for 
the H.P. being balanced by making the upper half of the valve 
2 inch greater in diameter than the lower half, while the inter- 
mediate and low-pressure valves are fitted with balance pistons. 
The reversing gear consists of a steam cylinder and a hydraulic 
controlling cylinder, the piston rods of both fitted to the same 
crosshead, and the ends of the hydraulic cylinder connected 
with a by-pass worked from the stem of the steam starting valve. 
These valves receive their primary motion from a hand lever at 
the starting platform, and are stopped by a system of levers 
receiving motion from a pin on the reversing arm, the parts being 
so adjusted in this system that the reversing engine follows the 
motion of the hand lever, and when stopped is firmly held by 
the controlling cylinder. There is also a small hydraulic pump 
for reversing by hand. 

Each engine has a 15-inch gate stop valve, and a gridiron 
throttle valve, the latter worked from the lower platform by a 
hand wheel, worm and gear. 

The main pistons are of cast steel and dished, and each has 
two packing rings 1} inches wide and ? inch thick, set out by 
steel J-springs. The piston rods, connecting rods and cross- 
heads are of forged steel, the latter being fitted with composition 
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slippers faced with hammered white metal. The engine framing 
consists of one inverted Y-frame at the back of each cylinder, and 
a pair of forged-steel columns in front. The Y-frames are built 
up, having wrought-iron side pieces secured to a cast-iron body 
piece which carries the crosshead slide, and to which the back- 
ing slides are bolted. Both Y-frames and columns are secured 
at the bottom to manganese bronze bed plates, the latter in turn 
being held down by forged-steel bolts. The crosshead guides 
are cored out for circulating cooling water. The eccentrics are 
in two parts, of cast steel, keyed on to the shaft, the go-aheads 
with adjustable side keys. The eccentric straps are of composi- 
tion, while the rods, with the links, link blocks, suspension rods 
and valve-stem crossheads, are of forged steel. The exhaust sys- 
tem between valve chests is external, and consists of copper 
piping. All important valves in connection with the steam sys- 
tem, including the safety valves, are fitted to be operated either 
from the berth deck or from below. 


ENGINE DATA, 


Number of cylinders, each engine.. 3 
Diameter of cylinders, H.P., inches.... 
Diameter of cylinders, I.P., inches... 
Diameter of piSton rods, 


Volume swept by L.P. piston, in cubic feet........ 161 574 
Diameter of H.P. valve, one for each engine, inches... .... { TOP 184 

Bottom ........ 17% 
Diameter of I.P. valve, two for each engine, inches........... 23 
Diameter of L.P. valve, four for each engine, inches. 21 


Shafting.—The shafting is steel throughout, and all shafts are 
lightened by axial holes. There are three crank shafts for each 
main engine, interchangeable and reversible, and so joined as 
to bring the cranks 120° apart, in the following sequence: 
H.P., LP., L.P. The length of each section is equal to the dis- 
tance between the axes of the piston rods, g feet 74 inches. The 
crank pins are 21} inches long and 17 inches diameter. The 
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crank webs are 10} inches thick, and taper from 18} to 17} 
inches in width. The axial holes in crank pins and journals are 
respectively 8$ and 7} inches. The coupling flanges at the ends 
of these sections are 2 feet 7 inches in diameter, and 38 inches 
thick, each drilled for six forged steel bolts, 34 inches diameter, 
with wrought-iron nuts and split pins. At each end of each 
section is a raised eccentric seating 9 inches long and 17 inches 
in diameter. 

Each thrust shaft is 19 feet 54 inches long, and has twelve 
collars, two inches wide, and separated from the adjacent one by 
33-inch spaces. The collars are 20} inches in diameter, and the 
shaft 15? inches. Just abaft the forward flange is a raised eccen- 
tric seating for the after L.P. eccentrics, similar to those on the 
crank shafts. The thrust shafts also have bearing journals for- 
ward and abaft the collars to take the weight off of the latter, 
and are lightened by 73-inch axial holes. 

The line shafts are each 35 feet long, 15? inches diameter, 
lightened by a 73-inch axial hole, and have a socket at the after 
end into which is fitted the tapered forward end of the propeller 
shaft. An independent disc or flange is screwed on this taper, 
and serves as a coupling flange for the propeller shaft, which is 
also secured by feather keys. 

The propeller shafts are each 39 feet long, including the taper 
at inboard end, which extends two feet into the socket of the line 
shaft; they are 16 inches in diameter, with a 73-inch axial hole. 
The shafts are cased with a composition sleeve 3 inch thick, ex- 
cept where it forms a journal, when it is increased to 1 inch. 

The main bearings are fitted only with bottom brasses, the cap 
itself serving as the other brass, both it and the bottom brass 
being lined with white metal. The thrust bearing is of cast iron, 
the collars having white metal facings. The cap is similarly fit- 
ted. The body of the bearing has a trough, with stuffing boxes 
around the shaft to be filled with oil, which is supplied to the 
thrust facings through holes between the collars. A cooling 
coil connected with the engine-room water service keeps the 
liquid in thetrough cool. The holes for holding down bolts are 
elliptical to allow for adjustment. At the forward and after ends 
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of the trough are ordinary bearings lined with white metal, and 
capable of vertical adyustment to take the weight of the shaft from 
the thrust collars. 

In each stern tube are composition bearings about 3 feet long 
each, and fitted with lignum vite on end of grain. The strut 
bearings are similarly fitted with composition bushings and lig- 
num vite. 

Screw Propellers —There are two three-bladed screw propel- 
lers, the starboard one right, and the port one left handed. They 
are of manganese bronze, 14 feet 9 inches in diameter, and the 
pitch is adjustable between 18 feet 6 inches and 19 feet 6 inches. 
During the trial it was 19g feet mean. The disc area of each is 
170.9 square feet, the helicoidal area 68 square feet, and the ratio 
of the diameter to the mean pitch 1 to 1.288. The hubs are 4 
feet diameter. During the trial the average submersion of the 
tip of the upper blade was 83 inches. 

Main Condensers—There are two main condensers of cast 
naval brass, 6 feet 6 inches internal diameter, 11 feet 10 inches 
long between tube sheets. In each condenser there are 4,904 
seamless drawn brass tubes, making a cooling surface of 9,495 
square feet for each main engine. The tubes are $-inch outside 
diameter, No. 20 B.W.G., and the circulating water passes 
through them. The ratio of cooling surface of main condensers 
to total heating surface is about 1 to 1.408. 

Air Pumps.—For each main condenser there is a triple air 
pump, consisting of three vertical single-acting pumps, driven 
by a like number of simple inverted engines, one engine cylin- 
der over each pump cylinder. In each case there is a steel pis- 
ton keyed into the upper side of a bronze crosshead, into the 
lower side of which is keyed a pump rod of hammered phosphor 
bronze. Thecrosshead slippers are fitted with white metal bear- 
ing surfaces. The crosshead pins are of forged steel, as are also 
the crank shafts, valve rods, and connecting rods. Heavy cast- 
iron balance wheels at the ends of the crank shafts secure uni- 
formity of rotation. The cranks are 120° apart, and the common 
stroke of pumps and engines is 20 inches. The steam cylinders 
are 54 inches in diameter, fitted with rocking slide valves, and 
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steam is supplied from the auxiliary steam system. The exhaust 
is either by a special opening into the main condensers, or into 
the auxiliary exhaust system. The air-pump barrels are of com- 
position, 20 inches in diameter, with composition pistons, valve 
seats and guards, while the valves and springs are of phosphor 
bronze. For each pump there are ten foot valves, eight bucket 
valves and eight head valves, the latter at the top of the pump 
chamber. The seats for the foot valves are inclined. For each 
set of pumps there is a common suction box, just back of and 
below the foot valves. This has a stop valve in each pump suc- 
tion, so that any pump can be shut off at will. Behind the head 
valves is the delivery chamber, and from this the condensed feed 
water is drawn by a small “tank pump” and forced to the feed 
tanks in the fire rooms. 

Circulating Pumps.—Circulating water for each condenser is 
supplied by two centrifugal pumps, fitted to draw either from the 
sea or from the bilge of its engine room, and to deliver into the 
condenser, or directly overboard by means of a pipe connecting 
the condenser supply with the outboard delivery. There is a 
safety locking device fitted to main and bilge injection valves so 
that one cannot be opened unless the other is tightly closed. 
The runners of the pumps are 28 inches in diameter, with 12-inch 
suction and delivery pipes, and each is driven by a compound 
engine of 6-inch stroke, the cylinders being 53 and 11 inches 
diameter respectively. Each pump is capable of discharging 
6,750 gallons of water per minute from the bilge. 

Boilers —There are four double-ended and two single-ended 
steel boilers with horizontal return fire tubes, the former with 
eight and the latter with four corrugated steel furnaces each. 
The boilers are placed in four water-tight compartments, one 
double-ended boiler in each forward, and one double and one 
single-ended boiler in each after compartment. The total grate 
area is 824 square feet, and the total heating surface 28,298.64 
square feet. All the top heads are curved to save staying. The 
longitudinal seams are butted, strapped inside and out with 1 
inch straps, and treble riveted. The circumferential seams be- 
tween courses are lapped, the middle course being smallest, and 
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treble rivetted, and the joints of the heads with the shells are 
double riveted. The joints at the furnace mouths and those in 
the combustion chambers are single riveted. The plates are of 
open-hearth steel, and the rivets of Clapp-Griffiths steel. The 
grate bars are of wrought iron, of the shaking pattern, and can 
be removed or placed without hauling fires. Each single-ended 
boiler has six, and each double-ended boiler twelve circulating 
tubes of oval cross-section, in addition to which the internal 
feed pipes and circulating plates provide for proper circulation of 
water in the boilers. Hydrokineters of the Weir type are also 
fitted. The forward smoke pipe is a flat-sided oval, with its 
greatest diameter in a fore-and-aft direction, and it receives the 
uptakes of the forward pair of double-ended boilers. The after 
smoke pipe is circular in cross section and receives the uptakes 
of the remaining boilers. The tops of the smoke pipes are 75 
feet above the lowest grates. The tubes are of steel, lap-welded 
and drawn, the plain tubes of No. 12, and the stay tubes of No. 
6 B.W.G., all 2} inches outside diameter. The stay tubes are 
screwed at both ends, and protected at the fire ends by cast-iron 
ferrules. The plain tubes are expanded and beaded over at 
both ends. 


BOILERS. 
Steam pressure, pounds., 160 
Thickness of shell plates, inches.........++ 100 14% 
top heads, inches 
tube sheets, inch ave 
back heads, single-ended, inch.... ....2. 
butt straps, inch I 
combustion chamber sheets, inch........ 4 
Rivets, diameter for circumferential seams, 
combustion chamber sheets, inch. | 
Braces above tubes, diameter, inches... 23 


to back tube sheet, diameter, 2 and 2h 
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Braces above lower man-holes, diameter, inches ......... 
diagonal in bottom water space, inches...... ses 

thickness, inch... 

number in each double-ended...,........ 


Combustion chambers, number in each double-ended ......... 
number in each single-ended.. ...... 
Tubes, plain, number in each double-ended... 


outside diameter, inches.. 
length between tube sheets, feet and inches ........ 
spacing, horizontally, inches 
Vertically, 
total number in each double-ended ......000 
total number in each single-ended.............. 


Heating surface, plate, each double-ended, square feet ... cesses 
plate, each single-ended, square 
tube, each double-ended, square feet ....... 
tube, each single-ended, square feet 
total, each double-ended, square feet ...... 
total, each single-ended, square feet........ see 
total, all boilers, square feet... 

Grate surface, each double-ended, square feet... 

total, square feet ..... 

Steam space, each double-ended, water 6 inches above tubes, cubic feet... 

each single-ended, water 6 inches above tubes, cubic feet..... 

Water surface, each double-ended, same conditions, square feet...........++ 

each single ended, same conditions, square feet 

Safety valves, number each double-ended......... coccee 

number each single-ended....... 


load on, pounds per square inch... ....... 
Stop valves, double-ended boilers, diameter, inches... 
single-ended boilers, diameter, inches 


2 
39 
43 
4 
40 
6-4 
2 : 
796 a 
398 
2} 
24 
34 
1,064 
776.40 
388.20 
883. 
2,441 .67 
5,659.73 
2,829.87 
28,298.64 
164.8 
82.4 
824.0 
343 
564.90 
287.21 
138.02 
3 
5 
10 
q 
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Forced Draft.—Air pressure is maintained in the fire rooms by 
eight blowers—two for each air-tight compartment in the boiler 
space—the engines being of the compound vertical type, with 
cranks 180° apart, cylinders 5 and 8 inches diameter respect- 
ively, by 6 inches stroke. The fans are 66 inches in diameter, 
each composed of eight curved vanes, and deliver directly into 
the fire rooms, except that light iron baffle plates are fitted to 
prevent the blowing about of coal dust. 

Steam Piping. —The main steam pipes, from the throttles back 
to the main stop valves are of No. oo B.W.G. copper, 15 inches 
in diameter. Extending forward of this through the fire rooms 
the piping is 12 inches in diameter, with a 10-inch branch to each 
main boiler stop valve, these branches being No. 0 B.W.G. 
Connecting the two main separators is a 12-inch copper pipe. 
All the main steam system of piping is strengthened by steel 
bands 2 inches wide, } inch thick, and spaced eight inches from 
center to center. An auxiliary steam pipe, 6 inches in diameter, 
extends throughout the engine and boiler spaces, with connec- 
tions to all auxiliary machinery therein, and additional branches 
to the windlass and ship’s ventilating engines, to the engineer's 
work shop, and to the dynamo and turret engines. This pipe 
connects with the auxiliary stop valves of all boilers, and with 
the main steam pipe in each engine room abaft the separator. 
Stop valves are also fitted wherever the system cuts a transverse 
water-tight bulkhead. All downward branches are fitted with 
stop valves close to the auxiliary steam pipe to prevent accumu- 
lation of condensed water while the branch is idle, all conden- 
sation in the auxiliary steam pipe proper draining either back to 
the separator or into traps. 

Feed Pumps.—There are four main and four auxiliary feed 
pumps in the fire rooms containing the boiler check valves, 2. ¢., 
in the four central firerooms. The arrangement of the fire-room 
pumps is as follows: In each of fire rooms “ E” and “F” are 
two vertical direct-acting pumps of 330 gallons per minute capa- 
city, the steam cylinder being 12 inches diameter, the water cyl- 
inder 8 inches, and the stroke 16 inches. Of each pair, one 
pump is outboard and the other inboard. In each of fire rooms 
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“C” and “D” are two similar pumps to those above described, 
except that the stroke is reduced to 12 inches, and the capacity 
to 220 gallons per minute. As before, one pump of each pair is 
outboard and one inboard, and in all cases the outboard pumps 
supply the sau feed, and the inboard ones the auxiliary. The 
main feed pumps draw only from the feed tank and deliver into 
the main feed pipe, while the auxiliary pumps take suction from 
either sea, feed tank, bilge or boilers, and deliver into the auxil- 
iary feed pipe, fire main, or overboard through the outboard de- 
livery in its own compartment. 

Feed Tanks and Filters —The feed tanks are built in between 
the forward and after boiler compartments, and each has a cap- 
acity of 1,700 gallons. A portion of each tank is rigged as a 
filter, and during the trial coarse gunny sacks loosely stuffed 
with “Excelsior” were used in the filter spaces with excellent 
results. Water is drawn from the hot wells by the tank pumps, 
and forced to the feed tanks, the auxiliary air pumps discharging 
into the same. The tanks are fitted with glass gauges and drain 
cocks, and each has an overflow to the bilge so arranged that 
any escape of excess feed water is noticeable. In addition each 
tank has a suction pipe for the main, and one for the auxiliary 
feed pumps on its side of the ship, as well as for the correspond- 
ing auxiliary engine-room pump. 

Distilling Plant.—This consists of two evaporators and two dis- 
tillers, with a combined capacity of 8,100 gallons of potable water 
‘per day. For both evaporators and distillers there is one com- 
bined air and circulating pump, which provides cooling water for 
the distiller, and by connection to the end of each coil evapora- 
tion is carried on at or below the atmospheric pressure. The 
circulating water then passes to the salt-water tank on the upper 
deck, while the fresh water is pumped into the tanks below, to 
the supply tank on deck, or to the feed tanks. There is also a 
hand-pump connection to the firemen’s wash-room tank. The 
evaporators are of the improved Baird type, horizontal, the shells 
being of plate steel, lapped and riveted, the heads and flanges of 
cast iron and the coils of copper, tinned inside and out. The 
distillers are of sheet brass, with tinned copper coils, fitted with 
filters, and with the parts accessible for cleaning and repairs. 
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Auxiliary Condensers.—There is an auxiliary condenser in 
each engine room, connected by the auxiliary exhaust system 
with all the auxiliary machinery in the ship, each condenser 
capable of caring for one half. The shells, heads and tube 
sheets are of composition, while the tubes are of the same size 
and kind as those fitted in the main condensers, and are simi- 
larly packed, z. ¢., with cotton cord and screwed glands. The 
condensing water is passed through the tubes, and the total cool- 
ing surface for each is 455 square feet. Under each condenser 
isa combined air and circulating pump of the horizontal, double- 
acting type, both pumps driven by an 8-inch steam cylinder. 
The air-pump barrels are 11 inches, and those of the circulating 
pumps 9g inches in diameter, with a common stroke of 10 inches. 

Additional Engine-Room Pumps.—At the after end of each 
engine room is a pair of pumps, duplicates, fitted with the Dow 
valve gear and governors. (In fact, all pumps in the ship have 
the latter appliance, and all but the main air and circulating 
pumps have the valve gear.) These four pumps are of the verti- 
cal, direct-acting type, of 500 gallons per minute capacity each 
at 60 pounds pressure of steam, with 10-inch steam and 8-inch 
water cylinders, and an 18-inch stroke. All are fitted to take 
suction from the hot wells, condenser, sea, bilge of compartment 
next abaft, secondary drain pipe and drainage cistern, and to 
discharge into feed tanks, fire main or overboard. One of each 
pair is designated a “fire and bilge pump,” and the other an 
“auxiliary engine-room pump.” In each engine room is a small, 
vertical, direct-acting pump of 150 gallons per minute capacity, 
for supplying the water service, and another, the “ tank pump,” 
to draw from the hot well and force the condensed water to the 
feed tanks. 

Steering Gear.—The ship is fitted with hydraulic steering gear 
consisting of a pair of rams working a yoke on the rudder head. 
The actuating pressure is 500 pounds to the square inch, and is 
maintained by a pair of hydraulic pumps at the after end of each 
engine room. There is no accumulator, but each pair of pumps 
has a governing throttle, loaded in proportion to the desired 
pressure, so that the latter is always maintained. 
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Ice Machine—Forward on the main deck is a 1$-ton ice ma- 
chine, of the Allen dense-air type, and just abaft it on the same 
deck is a large refrigerating room. 

Dynamos.—There are four dynamos, each of 400 amperes and 
80 volts, and driven by compound engines of the vertical, inver- 
ted, direct-acting type, with cylinders 7} and 134 inches in 
diameter, and a 6-inch stroke. 

Turret Engines —The training power for each pair of 8-inch 
guns consist of a two-cylinder, simple engine, with cylinders 8 
inches in diameter and a 6-inch stroke. The engine framing is 
bolted to a vertical bulkhead below the protective deck, and the 
crank shaft, by bevel gearing, actuates two worm wheels which 
gear into opposite sides of a large spur wheel on the foot of the 
ammunition tube, the latter forming the revolving spindle of the 
double gun carriage. The limits of train depend on the super- 
structure of the ship, and automatic stops in the controlling gear 
of the engines prevent any train in excess of these limits. 


WEIGHTS. 
Propelling machinery, including water, tons. 1,255.25 
Reciprocating parts : Starboard. Port. 
THE TRIAL. 


After several failures to complete a trial, due to weather and 
other ungovernable circumstances, the official trial took place 
in Santa Barbara Channel, Cal., on December 15, 1893. It con- 
sisted of a run in each direction over a course 42.9843 nautical 
miles in length, the mean speed corrected for tide being 21.686 
knots. 

The previous attempts all stand to the credit of the ship, as 
altogether the engines and boilers were worked up to the maxi- 
mum conditions on five different occasions, and after the official 
trial none but routine cleaning and overhauling was necessary. 
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In connection with the latter it must be stated that the engineer’s 
department is excellently fitted with appliances for the removal 
of parts for examination or overhauling. Everything worked 
excellently during the trial, the boilers furnishing plenty of steam, 
with very slight variation in pressure. There was comparatively 
little vibration of the main engines, and this is attributed to the 
athwartships tie rods between the engines, by means of which 
both bed plates serve for each engine, instead of being separate. 
As a precautionary measure the water service about the crank 
shafts was in use. Both auxiliary condensers were in use, re- 
ceiving the exhaust of all the auxiliaries. Indicator diagrams 
were taken every half hour from each main cylinder, and every 
hour from the main air and circulating pumps. The weather 
conditions were favorable, and the ship maintained a corrected 
average speed of 21.686 knots. 


DATA. 
Mean draught, forward, feet and inches ,.,...... cesses 19-33 
Center of buoyancy above base, feet and inches...... 12-1} 
Transverse metacenter above C.B., feet and inches........... 10-63 
Longitudinal metacenter above C.B., feet and inches...... ..... 366-03 
Speed” area immersed midship section 1.H.P. 579-31 
SYNOPSIS OF STEAM LOG. 
Starboard. Port. 

Revolutions of main engines per minute... ...... 139.98 138.53 
Revolutions of main engines, MEAN 139 25 
Steam at engines, (Gauge) 163 75 164.83 
Steam at first receiver (absolute)...... 92.82 95.6 
Steam at second receiver (absolute) 31.11 33 53 
Opening of throttle ..... Wide. 
Steam cut-off in decimals of stroke from beginning, H.P... 770 -776 
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Starboard, Port. 


Revolutions of air pumps eosecses 162. 124.7 
Revolutions of circulating pumps............ 344. 369.1 
Tempertures in degrees Fahrenheit, injection ,........ 60. 60. 
130. 106. 
Air pressure in fire rooms, 2.04 
H_P. cylinder, mean pressure...... 49.63 47.65 
I.P. cylinder, mean pressure...... 38.51 40.05 
Equivalent pressure on P. to 
Collective I.H.P. of each main engine... eee - 82976 8,552.2 
Collective I.H.P. of both main engines. 16,849.8 
1.H.P. of air pumps, separate... 18.22 35.78 
1.H.P. of circulating pumps, in 66.50 65.20 
Collective I.H P. of air and circulating pumps..............0 84 72 100.98 
I.H.P. of air pumps combined....... 54.00 
1.H.P. of circulating pumps combined...... 131.7 
I.H.P. of combined auxiliary air and circulating pumps.... 31.28 
1.H.P. of eight blower 130.56 
1.H.P. of engine-room auxiliary 5-53 
1.H.P. of hot well (tank) 17.96 
1.H.P. of dynamo engines, two. 29.75 
Collective I.H.P. of all auxiliaries in use except main air 
and circulating PUMPS. 277.58 
Collective I.H.P. of each 9 main engine, with | its air nr cir- 
Collective I.H. P. of both main engines, with main air and 
Collective I.H.P. main engines, with all auxiliaries... 17,313.08 
Kind and quality of Coal....... Best Harris Steam Navigation. 
Pounds per hour...... 37:937:5 
Pounds per hour per I.H.P., collective of all machinery in 
Pounds per 1H. P., of main engines, 
main air and circulating 2.22 
Pounds per hour per square foot of heating surface.........+. 1.38 
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Starboard. Port. 


Pounds per hour per square foot of grate surface..... ....0 ++ 44-7 
Square feet of cooling surface per 1.152 
Square feet of heating surface per I.H.P.......06 ..000 1.635 
1.H.P. per square foot of 21.011 
I.H.P. per square foot of screw area. ...... 122.02 125.77 
Helicoidal area of both screws to immersed eahidiige sec- 

Ratio of disc area of both screws to immersed midships 

Indicated thrust, pounds (I.H.P. main engines) ....,...+++0000« 102,954.86 107,224.59 
Indicated thrust per square foot of developed area of pro- 

Indicated thrust per square of bear- 

Weight of (water included), 1,215.23 
Weight of propelling machinery per I.H.P., pounds......... 157.23 
I.H.P. per ton of machinery (maximum 14.247 
Slip of propellers, per +. 17.3 16.44 


The data above given in relation to coal consumption were 
arrived at by the use of bagged coal for the eight furnaces in the 
after fire rooms, the bags containing 100 pounds each, and the 
rate thus reached was assumed as the mean rate for all the fur- 
naces. 

Reference to the tabulated performances will show a peculiar 
condition of affairs, in that the port engine developed 254.6 H.P. 
_ more than the starboard engine while averaging 1.45 revolu- 

tions less per minute. But a comparison of the equivalent mean 
pressures to develope the total horse-power in the L.P. cylinders 
shows it to be 42.45 pounds per square inch on the starboard 
side, and 44.18 pounds on the port side, from which the infer- 
ence would seem to be that the port propeller is coarser in pitch 
than the starboard one. The very high equivalent pressure 
given above is worthy of note, comparing most favorably with 
that shown for recent ships. 

[It is proper to state that the indicators used on this trial were 
not tested in the manner usual in such cases, or in trials for in- 
dicated horse-power, but by comparison with a standard spring 
pressure gauge which had been tested by the mercury column 
at the Mare Island Navy Yard. The method usually followed 
is described by Assistant Engineer Conant, U. S. Navy, on page 
322 of Volume III, of the Journal.—Eb.] 
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THE PROPULSIVE POWER OF SCREW SHIPS. 


By James N. WARRINGTON, Esg., ASSOCIATE. 


Since the investigations of the elder Froude, friction and wave 
making have been fully recognized as the leading elements in 
the resistance of ships. The resistance due to eddies is known 
to be quite inconsiderable in modern ships, while the variations 
in resistance which accompany change in trim, bodily rise or 
subsidence of the vessel, and wave interference, all occur at such 
speeds as produce waves of great magnitude relatively to the 
displacement. Within the limit of speed at which these pheno- 
mena appear, friction and wave making may be regarded as. 
supplying substantially the entire resistance, and it is here 
essayed to formulate the propulsive power absorbed by these 
two elements of resistance with such a degree of approximation 
as may be attained by attributing the properties of a trochoidal 
wave to the waves of the ship. 


FRICTION. 


The horse-power of the frictional resistance may be expressed 
by the formula 


(1) 

in which S represents the area of the wetted surface, V the 
speed in knots, and C, a constant to be derived from the coeffi- 
cient of friction. For aclean painted surface exceeding fifty feet 
in length Founde’s experiments show a resistance of 0.25 lb. per 
square foot at a speed of ten feet per second, and 1.83 as the 
power of the speed to which the resistance is proportional. 
From these quantities are deduced the values ” = 2.83 and C, 
= 32,566, the speed being expressed in knots of 6,080 feet 
and the wetted surface in square feet. 
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WAVE MAKING. 


Considering the waves generated by the ship in motion, it may 
be observed that similar ships produce similar waves, and that 
for a given ship the ratio of the magnitude of any series of waves 
to the magnitude of any other series, as for example of the bow 
waves to the stern waves, will be constant at all speeds so long 
as their generation is free from mutual interference. Moreover 
the waves of any series will retain their similarity at all speeds, 
for the orbital velocity as well as the speed of advance of the 
wave form must both be proportional to the speed of the ship. 

The aggregate energy of all the waves of the ship may there- 
fore be conceived to be embodied in a single series of representa- 
tive waves having a speed of advance equal to the speed of the 
ship. 

As the particles of water in the longitudinal stream lines ap- 
proach the ship they meet the component stream lines diverging 
from the apex of the bow wave and follow the resultant stream 
lines around the ship. The velocity in the diverging stream 
lines must clearly be sufficient to impart the necessary transverse 
displacement during the time occupied in the passage from the 
bow tothe midship section. The diverging stream-line volocity 
will then be proporional to cy in which V is the speed of the 
ship, A the area of midship section, and Z the length of com- 
bined entrance and run. But this diverging stream-line velocity 
is closely proportional to, if not identical with, the orbital velo- 
city of the bow waves. Hence, these orbital velocities also will 
be proportional to sn ,and since the waves of each series grow 
in like proportion with increase of speed, the orbital velocity of 
the representative wave also will be proportional to the same 
ratio. 

Assuming now that the waves of the ship possess the proper- 
ties of trochoidal waves, it follows that the height of the repre- 


sentative wave will be proportional to 2 in which / represents 


the wave length, w the orbital velocity, and VY the speed of ad- 
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vance. Furthermore, the breadth of the wave will be propor- 
tional to its height, for as the height increases the orbital velo- 
city increases throughout the entire breadth of the wave, and 
imparts its motion to more remote particles previously at rest. 

The horse-power of a series of trochoidal waves, having a 
length /, a height /, and a breadth 4, is thus expressed by Mr. 
Albert W. Stahl, U. S. Navy :* 


3 i? 
0.0329 | 1 — 4.935 7 (2) 
2 


The ratio 


a given ship, and is proportional to 4 . Since with such a range 


is constant for similar ships and for all speeds of 


in this latter ratio as may be found between a torpedo boat and 
an armored cruiser, the quantity in parenthesis would vary by a 
fraction of one per cent., it may reasonably be neglected. The 
wave horse-power then becomes proportional to /°/*. But /” is 


24% 
proportional to V, and / to — -; hence the horse-power ab- 


sorbed in wave making may be expressed by the formula 
Aiy? 

(3) 
in which C, is a constant to be derived from the performance of 
a model ship. 

The imaginary representative wave is conceived as having a 
speed of advance equal to the speed of the ship, and in this re- 
spect is plainly in harmony with the transverse series. The 
speed of advance of the diverging waves is dependent not only 
upon the speed of the ship but also upon the angle of divergence 
of their crest lines, and this angle of divergence is dependent 
upon the bluntness of the ship, or in other words upon the ratio 
A’ 


so long as the mode of distribution of the displacement 


remains the same. The length of the diverging waves will then 
vary with this ratio, and the effect will be that in the blunter ship 
the diverging series will absorb a greater amount of energy rela- 


* Transactions American Society of Mechanical Engineers, Vol. XIII, p. 454. 
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tively to the transverse series than in the ships of finer form. 
This relative increase of energy in the diverging series must, 
however, be accompanied by a corresponding diminution of the 
energy in the transverse series, for the total energy in both 
series is derived from the diverging component stream lines, the 


4 
velocity in which is proportional to 4 and this total energy 


thus derived will be independent of the relative importance of 
the two waves. The condition necessary to the preceding 
statement is that the model ship, whence the constant is derived, 
and the projected ship shall be similar in cross section and 
identical in mode of distribution of the displacement. When 
this condition is fulfilled, therefore, the representative wave be- 
comes a true measure of all the waves subject to the approxima- 
tion involved in its trochoidal nature, and in the modification of 
expression (2). 

Concerning the limit of speed in the application of the formula, 
it should be observed that each wave-making feature is assumed 
to generate its appropriate wave without interference; hence the 
beginning of each interference marks the limit of applicability. 

At corresponding speeds the power absorbed in wave making 
becomes proportional to the square root of the seventh power of 
the scale of comparison, as should be expected. 


THE WAKE CURRENT. 


The sum of P, and P, is the effective horse-power required to 
tow the ship. When propulsion is effected by a screw propeller 
at the stern, other varying elements are introduced. The follow- 
ing current, by delivering momentum to the propeller, restores 
a portion of the energy already expended in overcoming the 
frictional and wave-making resistances. 

Let V represent the speed of the ship, v the mean speed of 
the following current, and d the diameter of the propeller. Then 
the energy imparted to the propeller per unit of time by the 
following current will be proportional to 

(4) 
but assuming a constant percentage of real slip, d? is propor- 
tional to 
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P+ Pe 
which being substituted in (4) reduces the increment of energy 
to the form ana 
» 
(5) 

The following current has three components of independent 
origin, viz: the frictional wake, the orbital velocity of the stern 
wave, and the orbital velocity of the recurring transverse bow 
wave. It has been shown that when the waves of the bow series 
interfere with the formation of the stern wave the limit to the 
application of this analysis has been reached. Therefore the 
effect of the bow wave need not be considered. 

The speed of the frictional wake will here be regarded as pro- 
portional to the speed of the ship; hence the energy derived 
from it, being a constant proportion of the total power, need not 
be considered here. 

Still attributing the properties of a trochoidal wave to the 
waves of the ship, the orbital velocity of the stern wave at the 
center of the propeller will be proportional to 


ra = (6) 


in which Z, is the length of the after body, e the modulus of the 
hyperbolic system of logarithms, 4 the depth of immersion of 
the axis of the propeller, and ¢ a constant such that eV’? equals 
the wave length. 

Substituting (6) for v in expression (5) the increment of en- 
ergy becomes 


A* 


The value of the constant C; as derived from. the results of the 
experiments of Mr. George A. Calvert * is C,=1.66; but this 


* Paper read at thirty-fourth session of the Institute of Naval Architects, July 13, 
1893. Published also in Journal American Society of Naval Engineers, Vol. V, p. 


869. 
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value should be regarded as provisional, since C, like C, depends 
upon the mode of distribution of the displacement. 


SUMMARY. 


Let P, represent the total effective horse power required at the 
propeller. Then 


2.83 
in which P= 


S =area of wetted surface in square feet. 

LZ =combined length of entrance and run in feet. 

L,, = Length of run in feet. 

A =area of immersed midship section in square feet. 
V = speed of ship in knots of 6,080 feet. 


h = depth of immersion of axis of propeller in feet. 

€ =0.56 log ¢ = 1.748188 
= 2.71828 log = 0.434290 
2z = 6.2832 log 2x = 0.798180 
C, = 32,566 for clean paint. log C, = 4.512761 


C, and C, are constants, depending upon the form of the ship, 
C, having a provisional value 1.66 


ANALYSIS OF POWER. 


If from the indicated horse-power, the power required to over- 
come the constant resistance of the unloaded engine is deducted, 
the result will be the net horse-power applied to propulsion ; 
and the ratio of /, to this net horse-power will represent the 
combined efficiency of the mechanism of the engine so far as the 
variable friction is involved, and of the propeller, including the 
effect of the frictional wake and of the augmentation of resistance 
by the propeller. These latter two effects are thus assumed 
P, 

proportional to the power applied. The ratio Nea HP ™Y 
then be expected to remain constant so long as the propeller 
efficiency remains constant. 
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APPLICATIONS. 


The results of the progressive trial of the U. S. S. Bancroft 
given by Passed Assistant Engineer Robert S. Griffin, U. S. 
Navy,* suffice for the determination of the value of the constant 
C, for that vessel. The Bancroft is a twin-screw practice ship of 
the following dimensions: length of immersed body = Z = 189.5 
ft.; displacement on trial = 832 tons; area of immersed midship 
section on trial = A = 277 sq. ft.; wetted surface on trial = S 
= 6,150 sq. ft. 

Having calculated the power absorbed by surface friction on 
the basis of Froude’s coefficient and exponent, and also the value 
of the factor involving the following current, the constant C, is 


approxi- 


Net HP. 
mately constant. The value of C, thus found is for the Bancroft 


given such a value as will maintain the ratio 


329, and the ratio Ne — Pp = 0545: The resistance of the un- 


loaded engine is assumed at 2 lbs. per square inch of the area of 
the low-pressure pistons. Using these values, the power at the 
several speeds has been calculated and is given in Table I, where 
the observed powers are also given to show the degree of approx- 
imation. 


TABLE I.—U. S. S. BANCROFT. 


6.80 | 8.60 | sii 11.95] 1330 14.52 


16.55| 43-50) 87.42 161 63| 266.70| 409.33 601.60 
NE ELD: |. 160.40 | 296.56| 489.35 | 75106 1,103.86 
1.H.P. by formula. 53.09| 109.82 | 197.90 341.56| 541.85 | 811.06 1,171.36 


I.H.P. by trial... 65.00 200,00 | 34000) 5§40.00/| 815.00 1,170.00 


In order to illustrate the scope of the formula the value of the 


ratio is given in Table II together with. explanatory 


P, 
Net H.P. 
data for each of seven vessels, five of them being twin-screw ships 
of the U. S. Navy, and the two others.the S. S. Uméria of the 
Cunard line and the torpedo boat Sunderland, built by Messrs. 
William Doxford and Sons, Sunderland, England. With the 


*Journal of Society of Naval Engineers, Vol. V, p. 384. 
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exception of the Uméria these vessels may be regarded as ap- 
proximations to the form of least resistance in smooth water. 
The Umbria has a quasi-parallel middle body, the length of 
which has been approximated by ascribing to the combined 
entrance and run a prismatic coefficient of fineness of 0.56. 
Table III contains the results of the progressive trial of the 
Umbria together with the calculated power. The same compari- 
son is shown graphically in Fig. 1. 


TABLE III.—S. S. UMBRIA. 


| Io | 12 14 18 | 20 


1.H.P. by formula 1,008 1,698 | 2.692 | 4,123 6,210 9,302 | 13,920 
1.H.P. by trial... 1,050 1,600 2,400 3,800 6,0:0 | 9,420 | 13,920 


In making these calculations, the constants of the Bancroft 
have been employed, their values being C, = 32,566, C, = 329, 
C, = 1.66. It should be stated that the application of this value 
of C, to all of these vessels is not strictly warranted, for they are 
undoubtedly dissimilar in cross section and also in mode of dis- 
tribution of displacement. Nevertheless it is assumed that they 
possess a sufficient degree of similarity to serve the purpose of 
illustration. 

The resistance of the unloaded engine is based on two pounds 
per square inch of the area of the low-pressure pistons in all 
cases. The length Z is the combined length of entrance and 
run, being the length of the immersed body in all cases except 


the Umbria, The ratio gs ‘8 given as an index to the character 


of the ship from a propulsive point of view. If all these vessels 
possessed the required degree of similarity, and had propellers 


and engines of equal mechanical efficiency, the ratio Wa HP AP 


should be the same for all, provided the speeds were within the 
limit indicated. 


LIMIT OF SPEED. 


Since the formula gives only the power absorbed in surface 
friction and in waves generated without interference, it is obvious 
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that it may be used as a measure of the total power only when 
these elements constitute the entire resistance. The earliest de- 
parture from the condition of applicability may be expected to 
accompany an interference by the recurring transverse bow 
wave in the generation of the stern wave. Since the relative 
magnitude of the bow and stern waves is dependent upon the 
form of the ship, it is clearly impossible to formulate generally 
the limit at which such an interference will occur. The limit 
must therefore be found from the performance of the model ship 
whence the constants in any case are derived. 

The U. S. S. Bancroft, within a speed of 14.52 knots, gives no 
evidence of the limit, as may be seen by reference to Table I. 
At this speed V? = 1.112 LZ. 

The S.S. Umbria gives no indication of the limit within the 
speed of 20 knots, as may be seen by Table III or Fig. 1. At 
20 knots V? = 1.136 2=0.8 x length of ship. 

On the other hand, the progressive trial of the torpedo boat 
Sunderland affords a convenient illustration of the inapplicability 
of the formula. Figure 2 shows the power curves, both actual 
and calculated. At the speed of 14 knots the value of the ratio 


Net HP is such as to warrant the conclusion that at this speed 


the formula gives the power with sufficient accuracy. A glance 
at the curves, however, shows that this cannot be said of any 
higher speed until 20 knots is approached. Fourteen knots may 
then be regarded as the limit of speed at which the formula may 
be applied. At this speed V?=1.43Z. Beyond this speed the 
familiar hump appears. It may be of interest to note that the 
curves intersect again in the region of 20 knots, at which V? = 
2.9 L. 

It is not intended to question the existence of minor humps at 
speeds below the limits here noticed, but simply to observe that 
in the published curves of the Bancroft and Umbria they are not 
appreciable. It is possible that such humps may be partially 
neutralized by the action of a simultaneous increase in the wake 
current upon the propeller. In any event their existence must 
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affect the accuracy of the calculated power, although commonly 
to such a slight extent as to be inappreciable. 
Since the magnitude of the waves of the ship varies with the 


ratio £ it follows that both the size of the hump and the speed 


at which it appears will be influenced by this ratio. 


CONCLUSION. 


The method of this analysis may be summarized thus: The 
resistance of ships is so largely due to surface friction and wave 
making that all other forms may be neglected except at very 
high speeds. Within the limit of speed at which interference 
occurs in the generation of waves, the formula (eq. 8) enables the 
power absorbed by these two principal elements to be computed, 
provided the constants C,and C, have been experimentally deter- 
mined by means of a model ship having the same mode of dis- 
tribution of displacement as the projected ship. The ratio of the 
power thus computed to the net power of the engine is constant 
so long as the propeller efficiency is constant. Finally, the indi- 
cated horse power may be obtained by adding to the net power 
the power absorbed in the constant resistance of the engine. 


APPENDIX. 


ProsBLEM.—Given the speed V and the displacement D; re- 
quired the length Z of combined entrance and run, which will 
make P+ P, a minimum. 
Let D = displacement in tons of 2,240 lbs., 

¢=a constant, such that ¢Z = length of immersed body, 


J = prismatic coefficient of fineness = a 


S 
= constant value of ratio —— 
iLA 


Then 


35D 
and S= gtLA}, 


whence + P, = 


4 
: 
. 
3 
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which becomes a minimum when 

«) 

Example.—A ship similar to the Bancroft in cross section and 
distribution of displacement is to have D= 832 and V=1o; 
required the length Z at which P, + P, will be a minimum. 

For the Bancroft, t= unity; g = 1.95; f=0.5548; and G, = 
329. 

For a clean condition of bottom C, = 32,566 and eq. (1) gives 

== 204. 

Fora moderately foul bottom, say C, = 25,000, the length be- 

comes 
L = 193. 

ProBLEM.—Given the speed V and the area of the midship 
section A; required the length Z of the combined entrance and 
run which will make P, + -, a minimum. 

As before S = gtL A}, 


which becomes a minimum when 
3C,AV*", 
C,gt (2) 


Example—A ship similar to the Bancroft in cross section and 
distribution of displacement is to have A = 277 and V=14; 
required the length Z which will make P, + P,, a minimum. 


t= unity; g= 1.95; C,= 329; CG = 25,000. 
By eq. (2). L = 210. 
That is to say, a ship having the same midship section as the 
Bancroft and a length of 210 feet would require less power at 14 


knots than the existing ship, and would have a displacement 
about one-ninth greater. 


PROBLEM :—Given all dimensions and constants appropriate 


to the ship, and the ratio if =r; required V. 
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_ 
P,— 


rC,Ai 


Whence 


Corollary :—Since S= gtZA}, eq. (3) may be written 


C,gtlt 
rC,A 
(4) 


Whence 


yr = 


When r = 3, eq. (4) becomes identical with eq. (2). 
Hence for a given area of midship section, when the length is 
such as to make ?,+ P, a minimum, the ratio r= 3. 
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ON THE INERTIA STRESSES OF A SLIDE VALVE. 


By Joun H. Macacpine, Esg., AssociaTe. 


The principal object of the present paper is the consideration 
of a special problem in kinematics which presented itself nat- 
urally in the course of practical work. 

In examining the valve motion of a large and high-speed en- 
gine it became evident that it did not exactly correspond to the 
type known as simple harmonic—that is, very approximately, 
such a motion as the valve would have were it actuated by a single 
eccentric, and an eccentric rod very long in comparison with the 
valve travel. As piston valves were adopted in the case of all 
cylinders, the stresses on the valve gear were due almost en- 
tirely to the inertia of the valves. As these stresses were of con- 
siderable magnitude it was desirable to determine them with 
accuracy. 

The possible effects of elasticity in the various parts of the 
gear were also examined, as several parts of it were subjected to 
cross-bending stresses, but at present we will only deal with those 
accelerations of the valve motion, and consequent stresses, which 
would exist if each part of the gear were rigid—that is, with the 
acceleration and stresses deduced from a valve ellipse which had 
been got at geometrically from a diagram of the gear. 

The slight departures from simple harmonic motion mentioned 
above are not such as have any importance when considering 
steam distribution. That they may be important when consid- 
ering the strength and stiffness of the gear can be easily shown. 

Let us begin, ad initio, with the case of a valve, or any mass 
actuated by a single eccentric, where the eccentric rod is attached 
direct to the valve spindle, and is long in comparison with the 
length of travel of the valve—the usual arrangement in an or- 
dinary non-reversible engine. 
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The acceleration and inertia stresses of the valve can be very 
easily calculated in this case, since the movement of the valve is 
very nearly simple harmonic, the crank shaft being supposed to 
rotate at a uniform angular velocity. 


In Fig. 1, O is the center of the crank shaft, XX the center line 
of the valve spindle, and AB the eccentric rod. B, the joint of 
the valve spindle and eccentric rod, has of course the same mo- 
tion as every point of the valve. Cis the position which B occu- 
pies when nearest O; that is, when OA occupies the position 
OC’ in line with YY. If AB’ is drawn perpendicular to 1X, the 
length C’S’ will only differ from CB by a very small and vary- 
ing quantity introduced by AB being inclined at the small angle 
ABO to XX. The motion of B’ is exactly simple harmonic 
(since it fulfills the definition of this kind of motion), and conse- 
quently that of 2 very nearly so. 

Since 2B’ is always directly under A, the motion of JB’ is the 
resolved part of the motion of A parallel to YX. Similarly, the 
acceleration of B’ is the resolved part of the acceleration of A 
parallel to YX. 

If we call V the linear velocity of A in feet per second, and 
R the radius OA in feet, it is well known that the acceleration 


of A is equal to ee in feet per second, and that it is directed to- 


R 
‘wards O. Thus the acceleration of 3’ 
Cn... 


where x = OB’ in feet. 
19 


: 

aN 
5 

a 


274 INERTIA STRESSES OF A SLIDE VALVE, 


Denoting by the angular velocity of the radius OA in radi- 


V 
ans* per second, we have R=” and thus the acceleration of 
B' = w’r. 
The stress required to give a mass m this acceleration is 


in gravitation units, and is always directed towards the 


center of motion. 
10) 


Thus the stress has a maximum value ae which it reaches 
when OA coincides with XX, and it is seen to be proportional 
to the travel of the valve and the square of the revolutions per 
minute of the engine conjointly. 

From Fig. I we see then that the motion of the point 2 is 
nearly the same as that of 4’, but not quite. There is a slight 
disturbance caused by the two elements of the gear OA and OB. 


In fact the maximum stress of the valve, instead of being 


as given above for a mass m having the same motion as the point 
B’, is 
mo 

If we pass now to any of the ordinary reversible gears, we have 
a considerably greater number of parts introduced, the disposi- 
tion and dimensions of each of which must influence the valve 
motion. The effects of the various parts in causing it to depart 
from simple harmonic motion may be to some extent compen- 
satory. Indeed in almost all gears in which an attachment is 
made to the connecting rod, such as Joy’s, Kirk’s or Morton’s 
gears, several parts are introduced specially to produce such a 
compensation, and thus prevent the valve motion from being . 
very unequal with respect to the two ends of the cylinder, as it 
would be were a simple direct connection made to the connect- 
ing rod. 

Still, it will be found on examination that the valve motion 
shows a very sensible departure from simple harmonic motion ; 


* The radian is the unit angle in circular measure. It is the angle subtended by 
a circular arc equal in length to the radius, = 57°-17/-45/’. 


| 
| a 
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but this is usually more pronounced in the case of non-eccentric 
gears than in that of eccentric gears, no doubt, principally on 
account of the large angles through which some of the parts of 
the former gears have to move. The problem of assigning to 
each part its exact effect in the valve motion we may very well 
leave till mathematicians have supplied us with a complete solu- 
tion of the three-link linkage. 

Again, the importance of these disturbances often increases in 
a very rapid ratio as the valve travel is increased for the same 
length of engine. This we might expect, since the dimensions 
of the gear must remain about the same, while the increase of 
valve travel is got by increase of motion (angular, linear, or both 
combined) of some at least of the parts. 

Thus, while the disturbances we are considering may safely be 
overlooked in, for instance, the ordinary merchant marine work, 
their neglect may lead to an underestimate of the stresses, some- 
times to the extent of even 50 per cent. in the designing of war- 
ship engines, for here the engines must be short and of high 
power; consequently the gear is more or less cramped, the valves 
heavy and the valve stroke long. But in all high-speed design 
it is trouble well spent to examine this point. 

To show the importance which these small irregularities may 
have, we will revert to our simple case in Fig. 1. 

If @ is the angle which OA makes with 1X, the displacement 
of B’ from O is given by the equation 

r= R cos 0. 


And if ¢ is the time which has elapsed since OA coincided 
with 
6 = wt and r= Rcos wi. 
The time 7 of a complete vibration of J’ (that is, the time 
occupied by B’ from its leaving C’ till it again reaches it) is evi- 


dently given by ~- 
w7T=22,0r T= 


as ry would always have the same value at intervals of time which 


were equal to =, or multiples of this value. 


: 
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This motion is represented in Fig. 2 by the full curve AB, 
which, however, shows only the motion for one-quarter of the 
complete period. The times ¢ are measured along the base line 
OB, while the ordinates of the curve give the values of 

r=Rcoswt. OA=R. 

Similarly, r, = R, cos not 
represents a simple harmonic motion of which R, is the maxi- 
mum displacement of the moving point from its mean position ; 
but in this case the time of a complete vibration is seen, by 


comparison with the equation of the first motion, to be 27 | that 
nw 


is, only ‘th of what it was inthe first case. This motion we may 


represent by such a curve as CDE, etc. 
In the motion given by 
r= R cos wt (curve AB), 
the acceleration at time ¢ was 
= cos ot, 
and the stress = 

Similarly when 7, = cos nwt (curve CDE, etc.), we have the 

mu?w*R, cos nwt 
& 

This may be seen by comparison of corresponding quantities 
in the case of the curve AB. 

Now, suppose a point to move so that its displacement at any 
time is the sum of the displacements in the two simple harmonic 
motions given above. That is 

R cos wi+ R, cos nwt. 
This motion is represented in Fig. 2 by the curve FGH, etc. 
The acceleration is, of course, 
Rw’ cos wt + cos not. 

If R, is small compared with RX, the new motion differs but 
slightly from our case in Fig. 1, the maximum value of 7, being 
R+R&,. But the maximum value of the acceleration is 

(R + #°R,); 


acceleration = 7w*R, cos nwt, and the stress = 


| 
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or, in other words, while the maximum disturbance of the dis- 
placement has only been in the ratio 


the acceleration and also the stresses have been altered in the 
ratio 


I+ 


This is clearly brought out by comparing Figs, 2 and 3, where 
corresponding curves are designated by the same letters. Those 
in Fig. 2 give the displacements as explained, and in Fig. 3 the 
ordinates give the accelerations and stresses, each measured to 
the proper scale. We notice at once that, while the two curves 
AB are of precisely the same form, the corresponding ordinates 
of the curves FGH differ very markedly. 

Thus if z be comparatively large, and consequently the sec- 
ond motion be of short period compared with the first, the 
change of acceleration and of stress may be of importance, al- 
though the actual displacement at any time is but slightly 
changed from that due to the first simple harmonic motion. 

In Figs. 2 and 3, = 6, and = 80. 

1 

The importance of the illustration will be appreciated when 
we recollect that any periodic motion can be divided into a set 
of simple harmonic motions of various periods and amplitudes, 
the longest period being the same as that of the complete motion, 
as was first shown by Fourier, early in the century, in his 
great work on the conduction of heat. 

We pass now to the case of an actual valve motion. 

To determine the inertia stresses we must first know exactly 
the motion of the valve. This is usually represented diagram- 
matically in the following manner: 

Suppose any straight line AZ to represent the length of the 
stroke of the engine. Let the distance (in the direction of motion 
of the valve) of any arbitrarily-chosen point of the valve, from 
any arbitrarily-chosen point on the valve face, be noted for a 
sufficient number of positions of the piston, and draw a 


i 

it 

i 
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curve as follows: When the piston has reached a point Q 
(Fig. 4), suppose the distance apart of the above points to be 
y. Draw a perpendicular to AB at Q, and lay off PO=y. 
Joining all the points thus found will give a closed curve, which 
usually does not differ greatly from an ellipse, and is called the 
valve ellipse. 

The most obvious procedure by which to determine the inertia 
stresses of the valve, is to use a method which has been known 
since the time of Newton. That is, to determine the velocity 
curve, and from that to derive the curve of accelerations. For 
our present purpose we need only give a very slight sketch of 
this method. 

Divide the crank circle into an equal number of parts. These 
equal parts will represent equal lines, as the crank is supposed 
to revolve uniformly. If we find the position of the piston for 
each of those points, we can determine the displacement of the 
valve from the valve ellipse. Lay off a straight line AA, Fig. 5, 
equal in length to the circumference of the crank circle, and 
divide it into the same number of equal parts. Then construct 
a curve by laying off the displacement of the valve at each of 
those points at right angles to the base line AA, in a similar 
manner to our procedure in the case of the valve ellipse. 

Knowing the revolutions at which our engine is supposed to 
run, we can at once find what distance CD will be traversed in 
one second, or fraction of a second, by the crank pin. We now 
draw CE tangent to the curve at C. This can, of course, be 
done most exactly by determining the direction of the normal 
at C by means of a pair of trammels, one end being so placed 
that the other will move along the curve in the proximity of C. 
Now CE is the line which would have represented the valve 
motion had the velocity of the valve been uniform. It would 
have reached the point £, vertically above D, in one second. 
Thus, at uniform velocity the valve would have increased its dis- 
placement by a distance DE. DE, therefore, measures the velo- 
city of the valve at the point C. 

From the displacement curve we can thus find the velocity of 
the valve at any number of points, and lay down a complete 
curve of velocities on the base AZ. 


4 


INERTIA STRESSES OF A SLIDE VALVE. 279 


Treating tne curve of velocities in precisely the same way as 
we have treated the curve of displacements to deduce the velo- 
city curve, we can determine the curve of acceleration, and thus 
determine the inertia stresses of the valve. 

This construction arises at once from the fundamental ideas of 
velocity, as the time rate of change of position of a body, and of 
acceleration, as the time rate of change of velocity. We have, in 
fact, at the very root of the calculus and kinematics the same 


expressions and =. giving on the one hand the trigonometri- 


cal tangents of the angles, which the geometrical tangents to the 
displacement and velocity curves at any point make with the 
base line; and, on the other hand, denoting the velocity and ac- 
celeration at the point. 

Fig. 6 shows the result of an actual case, where the curves 
were drawn to a large scale, and each curve determined with all 
possible accuracy from nearly a hundred points. 

A glance at the displacement curve of this figure shows at once 
that we have here a very considerable departure from simple 
harmonic motion, and this is confirmed by the velocity and ac- 
celeration curves. If the displacements had given a pure, simple 
harmonic curve, all three—the displacement, velocity, and ac- 
celeration curves—would have been of precisely the same nature, 
each being a curve of sines. This is far from being the case, 
though the departure is greater here, probably, than very fre- 
quently happens. The whole motion could, by a well known 
method (which it would be entirely apart from the purpose of 
this paper to explain here), be analyzed into a series of simple 
harmonic motions, the period of the longest one being the same 
as the period of revolution of the engine, and the periods of the 
others exact submultiples of this, each having its own proper 
amplitude. A pair of such motions have been combined in Figs. 
2 and 3, and it has been shown how much more marked is the 
effect of the short period motions on the acceleration than on 
the displacement curve. That such short-period disturbances 
are present in the actual valve motion shown in Fig. 6 we have 
the clearest evidence of in the acceleration curve of this figure. 
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But it will readily be seen that a very slight error in determin- 
ing the inclination of a tangent to the displacement curve will 
give a large errorin thecurve of accelerations; for such an error 
exactly corresponds to an actual irregularity of very short period 
in the displacement curve. Thus, although every precaution 
was taken in determining the form of the acceleration curve in 
Fig. 6, it is difficult to say whether some of the minor irregulari- 
ties have not been exaggerated or partly obliterated by small 
errors in the process. Indeed it was toa great extent the doubt 
as to the nature of the result in Fig. 6 which led to the search 
for the new method shortly to be explained. 

Besides the disadvantages in the method just given, the pro- 
cess is a long and tedious one. 

We will now explain a process by which the inertia stresses 
can easily and quickly be determined direct from the valve 
ellipse. This method only involves two measurements of the 
valve ellipse for each point at which the stress is to be deter- 
mined: One, the measurement of the inclination of the curve at 
the point to the base line from which the displacements of the 
valve are marked off. As will be shown further on,a slight error 
in this measurement has no great effect at those points at which 
the valve inertia stresses area maximum. The other measure- 
ment is the length of the radius of curvature of the valve ellipse, 
which, if the curve is carefully laid off to a proper scale, can be 
measured within two or three per cent. of error. This measure- 
ment has also the advantage that it is more easily made with 
accuracy where the acceleration of the valve is high, as at those 
times the radius of curvature of the valve ellipse is smaller than 
it would be for a lower acceleration. 

We believe that this is the first time that this method has been 
made public. But a paper on it formed one of three papers pri- 
vately circulated by the author in 1889, for a special purpose. 

We may think of the valve ellipse, Fig. 6, as being formed in 
the following manner : 

Suppose the point Q to move, carrying the perpendicular PQ 
with it, along the base line AZ in such a manner as to keep 
pace with the piston; and the point Pto move along this per- 
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pendicular so as to keep pace with the valve. / will trace the 
valve ellipse. The acceleration and velocity of P parallel to AB 
are the same as those of Q, that is, of the piston. But the accel- 
eration and velocity of P perpendicular to AB are the same as 
those of the vaive. The proportion of these quantities at any 
time will determine the radius of curvature of the valve ellipse 
at the point, and its inclination to dB. The measurement of 
those two quantities from the curve, together with the known 
velocity and acceleration of the piston at all times, are then suf- 
ficient to determine the velocity and acceleration of the valve. 

The relation between the various quantities may be established 
very simply. Fig. 7, which is a repetition of Fig. 4 with some 
additions, is lettered in the same manner. Let PR represent in 
direction and magnitude the total acceleration of the point P. 
This, as has just been explained, is made up of the acceleration 
PC = 33, of the valve; and the acceleration CR =a, of the pis- 
ton when at Q. We may also resolve the acceleration PR into 
the acceleration PD normal, and the acceleration DX tangential 
to the valve ellipse at P. Produce RD to meet PQ at £. 

If v represents the velocity of the piston at Q, and V the ve- 
locity of the point P along the curve 

v = Vcos9, or 
cos 

where @ is the inclination of the tangent at P to AB, as shown 
in the figure. Then V can be determined when @ has been 


measured from the curves. 
2 


The normal acceleration of P is 5 , 2 being the radius of cur- 


vature of the curve at the point PR Thus, since the angle DPC 
= 6 and PDE is a right angle, 


~ pcos*@’ 
also CE = CR tan 6 = tan @: 


Now, as the figure is drawn, the acceleration PC of the valve 
is the difference of those two quantities PE and CZ, and if we 
call an acceleration of P positive which is in the direction of the 
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arrow, and the acceleration of the piston positive when it is from 
A towards B, we get the following equation for the acceleration 
of the valve, 


(1) 


We need here say nothing of the quantities 7 and a, as 
methods of determining them are quite generally known. 

The problem we have been dealing with, and of which equa- 
tion (1) is the solution, has been explained with reference to its 
connection with the valve ellipse. But it could obviously have 
been treated quite apart from any question of engineering, and 
is purely a problem in kinematics which may be stated thus : 

A point Q, Fig. 7, moves along AP in any manner, the law of 
which is known; and P, always perpendicularly above Q, des- 
cribes a known curve. What relation has that part of the accel- 
eration of Pwhich is perpendicular to AA, to the known velocity 
and acceleration of Q, and the curvature and inclination of the 
curve described ? 

We will now give the answer to various questions which have 
arisen when the method was being used. 

First, we will follow the point P, round the valve ellipse in or- 
der to see clearly the change of sign which the two terms on the 
right-hand side of equation (1) undergo. In the first term 7’ is, 
of course, always positive. Also, g will not change sign unless the 
center of curvature changes from one side of the curve to the other. 
This it would only do in any actual case where the curve had a 
point of contrary flexure. In Fig. 7 it never changes sign, as it 
is obviously always finite, and we have written the equation on 
the assumption that its value is always positive. In other words, 
let a line be drawn through any point of the curve to the center 
of curvature for that point, and produced indefinitely through 
the center of curvature, g will be positive if this line cuts the 
curve again, and it will be negative if the line lies altogether out- 
side the curve. Cos*# is positive for the portion of the curve 
XPX’, and is negative for the other half. 


Altogether, we have then the first term, 


positive for the 


portion XPX’ of the curve, and negative for the other portion. 


i 
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We will deal now with the second term, —atan 4. The or- 
dinates of the curve 7UV give the values of a, QX represent- 
ing its value at the point Q. 4 is positive from 4 to JU, at 
which point 7UV cuts the line AA; it is then negative from 
Uto B and back again to V. It then changes to positive, and 
remains so till A is again reached. Tan @ is positive from X to 
F, the highest point of the curve, negative from F to YX’, posi- 
tive from 1’ to /’, the lowest point of the curve, and again nega- 
tive from F’ to X. 
Thus, on the whole, we have — «tan @ 

negative from X to F, 

positive from F to G, 

negative from G to Y’, 

positive from ’ to F’, 

negative from F'’ to G’, 

positive from G’ to X. 


The values of the terms, and whether they should be added 
or subtracted, can also be seen from the construction for the 
acceleration 3 at the points P, P’, P’’, &c., which require no fur- 
ther explanation, as the lettering corresponds all through. 

As the greatest values of the accelerations 3 will occur very 
near F and F’, the turning points of the valve motion, the values 
of @ for these maximum values of ,? will be small, and the sec- 
ond term of equation (1) of little importance. Also, cos @ differs 
very slightly from unity. Thus, as we stated above, a slight 
error in the measurement of @ has little effect in the value of the 
maximum acceleration deduced from the curves. 

In the foregoing we have always supposed AB to be the actual 
length of the stroke of the engine, but this is not usually so. It 
is clear that 7? and a must be determined, at each point, for the 
same revolutions as the actual engine is supposed to run at, but 
for a length of stroke equal to AB, not to the stroke of the en- 


gine. 
There are several points as to the scale to which the curves 
are drawn which should be mentioned. If the same valve mo- 


tion is represented by two valve ellipses which have different 
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scales for AB, the stroke of the engine, and y, the displacement 
of the valve, the accelerations of the valve deduced should be the 
same in both cases. It is not quite apparent at first sight that 
this will be so. Suppose, for instance, that the valve motion was 
set off full size, and that AZ was also the actual length of stroke 
of the engine. Suppose, again, that the same valve motion was 
set off c times full size, on a base AB which was drawn & times 
full size, c and & being greater or less than unity. If no correc- 
tion is made for scale, then in this last case the acceleration de- 
duced should be ¢ times that deduced from the first case, but it 
should be independent of &. . 

In Fig. 8, let PQ and /’Q’ represent corresponding parts of 
the curves drawn to the different scales. Also, let all the quan- 
tities be designated by the same letters as we have used previ- 
ously, as 4,4, &c.; but in the second case with accents added, as 
0’, a’,&c. Thus 

P'R' =k X PRand Q’R' =c X QR. 
If the arcs PQ and /’Q’ be supposed exceedingly small, 


Cr 


tan 6 = OR and tan #’ = x £ tan @. 


PR PR’ &* PR & 
a, the acceleration of the piston, will be proportional to AB; 
thus 
a’ = ka 
Therefore, on the whole, we have 


a’ tan 0’ = ka X tan 4 = ca tan @, 


which shows the correctness of the second term of the formula 
in this respect. 

The changes that take place in the first term are not so obvi- 
ous. If ¢ and ¢’ are the angles of inclination to the base lines 
at Qand Q’, the arcs PQ and ?’Q’ still being supposed small, 
and p and p’ the radii of curvature of those arcs, we get 


tan = tan 6, and tan ¢’ tan ¢. 


Therefore tan ¢g’ — tan = (tan — tan @). 


a 
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But tan yg — tan 0 = sin cos — cos sin 
cos ¢ cos 


sin(g—#) 


cosy cos? @ 


very approximately, since ¢ and @ differ only slightly. 


Similarly, tan = — 
cos? 
¢ 
Thus, 
cos*@’ k cos? @ 
FR 
Also, PO = grand PO 
p= PQ = PR , PR X cos* 
6—¢g  (#@—¢)cosd —¢ 
sar k 
and p’ cos* @ , a= APR 
2 2 
=~ pr p cos? @ 
Next v? — 
Thus for the first term we have 
yl? 


This corresponds, as it should, with what we have found for 
the second term. 

The fact that the accelerations of the valve given by the form- 
ula are proportional to the scale of displacements, or in other 
words to the stroke of the valve, and independent of the scale of 
AB, might of course at once be inferred. But it will no doubt 
give a clearer view of the structure of the formula to follow the 
changes of scale in detail. 

On the subject of the scales we would only make one further 
remark, as to their choice. @ can always be determined with 
sufficient accuracy whatever the scales of the valve ellipse, but 


: 
ry 
4 
if 
i 
i 
a 
a 
4 
i 
| 
i” 
2 
| 
| 
: : 
t 
4 
: 
{ 
= 
{ 
} 


286 INERTIA STRESSES OF A SLIDE VALVE. 


it is different with ». To measure p accurately it must not be 
very large. We have found from experience that the measure- 
ments may be well made if AZ is about two feet long while the 
valve travel is drawn to a scale which will give it a length of 
from nine inches to one foot. It is clearly necessary that the 
curve be drawn with great accuracy and sharpness. 

The formula (1) fails at the two points XY and X’. It is not 
usually important to find the values of 7 or the stresses at those 
points, but we will show how it may be done. Putting 7’=V7* 
cos? 0, V being as before the velocity of the point Palong the 


curve, equation (1) becomes 
Vy? 
— —asin# 


__ V* cos? 
cos @ 


B= cos? 


2 
fs is the normal acceleration of P which, at Y and X’, is equal 


to a. Sin @= 1 at those points, so that both numerator and 
denominator of the above fraction vanish and it assumes the 


form > Treating this fraction in the usual way, by differenti- 


ating numerator and denominator separately, we get (differenti- 
ating (2) with respect to 7). 


dé 
— 4 cos — — sin 
p aw pa dy dy 
p= ’ (3) 
ay 
dy 
Now at X, Va 8° that 
dv _aVv 


as the positive direction of # has been 


chosen downwards. 


di 
Cos 6 = 0, and rs =0,as a has reached a maximum value at 


this point. 
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dé 1 V? 


Lastly, ==-,and— =a. 
Putting these values in (3) we get 
_ 2B 
Pa 
do. 
or p=—a 
dp 
At X’, 
To evaluate “ at X and X’ the valve ellipse near those points 


must be determined from a greater number of points than usual. 
Then, by carefully measuring p for several points between X or 
X’ and the first tenth of the stroke on either side, and also 
noting the corresponding value of y for those points, we may 
construct a curve with y for the abscissz and p for the ordinates. 
The fact that we should obtain thus a fairly smooth curve will 
serve asa check on the accuracy of the measurements of p. All we 
have to do then is to draw a tangent at that part of this curve cor- 
responding to the points X and 4’ on the valve ellipse. The 
trigonometrical tangent of its inclination to the line of abscissz is 


the value 3 It is evident that = 2 will vanish for points near 
dy dy 

X and X’; for, as we pass along the curve in either direction 

from those two points we soon come to parts at which p is man- 

ifestly increasing. 

Of course, at the points X and X’, we could also proceed by 
drawing out the displacement, velocity, and acceleration curves 
on a time base and thus determine the stresses. 

Finally, it may not be uninteresting to add the analytical de- 
duction of equation (1), as it is naturally this method rather than 
the geometrical one given above which one uses in investigating 
such a question. 
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Representing AQ, Fig. 7, by x and using all through the same 


2 
notation as above, the quantity we wish to express is 8 = — a : 
dy _ady ax 

di dx dt 
And 
dt\ dz) dt dx \ dt dx dt® (4 
2 
=4,and — tan 6. 
_ 
= =. = — cos*® 
d*y I 
dx? 


Substituting these quantities in equation (4) we get 


This is equation (1). 
The changes of scale are also very easily followed in this way. 
Pursuing the same notation as above, we have 


= kz, 


dy dx dy cay 
dx! dy dx! dx kax 


at? pcos*@ 
I c d’y 
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I 
p’ cos 0’ p 
dx! ax 
dv’ dv 
tan 


dx! kdx k 
Substituting these we finally get 


f’ = cf as before. 
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THE ACCIDENT TO THE C/7TY OF PARIS. 


By Otro H. MuELter. 


[Translated by permission from the Zeitschrift des Vereines Deutscher Ingenieure, 
by WILLIAM WACHSMANN, ASSOCIATE. ] 


The official investigation into the cause of the accident to the 
City of Paris, on March 25, 1890, continued from the 16th to 
the 24th of June, 1890, and, although the testimony of not less 
than twenty-eight witnesses and experts was taken, concluded 
by acquitting all parties concerned, of any blame, and at the same 
time declared that the construction, material, and design of the 
vessel and machinery were faultless, and that the conduct of the 
entire ship’s company, including the engineer’s force, was de- 
serving only the highest praise. 

It further declared that all opinions previously held concern- 
ing the cause of the accident would not hold, though the real 
cause was not found; from which it would follow that human 
foresight could not prevent a similar accident to another vessel 
at any time. 

Those who have followed the proceedings of the Board of 
Trade in similar cases (e. g., the accident on board the Barracouta, 
in February, 1890,) expected little in this instance ; and that the 
result should have been such a negative one has met with gen- 
eral disapproval, and English engineering journals (“ Engineer” 
and even the local papers of Liverpool) say that the case is not 
settled by this verdict, but that it should be brought before 
another tribunal, however disagreeable it might be for the par- 
ties concerned. This would, no doubt, be very difficult; for up 
to this time it has been no easy task for parties not concerned 
to gain access to the vessel and the ruins of machinery ; besides, 
the latter had long since been forwarded to Glasgow. 
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However, before reporting on what I personally saw and heard 
in Liverpool from the 2d to the goth of May, 1890, I think it 
would be well to describe the vessel and machinery, based upon 
reliable data, and partly upon personal observation. 


I. 


The City of Paris, belonging to the Inman and International 
Steamship Line of Liverpool, is (with the sister ship, City of New 
York) one of the largest and fastest of ocean steamers. Her 
length on the water line is 527 feet, on deck 563 feet; the great- 
est breadth 63 feet 3 inches; depth from top of upper deck to 
keel, about 42 feet 9 inches; draught, measured amidships, 24 
feet and over, according to load, the displacement varying from 
10,000 to 13,000 tons. The full coal supply for one voyage from 
Liverpool to New York is 2,500 tons, sufficient in itself to cause 
an increase of 4 feet in draught. The double bottom has a 
depth of from 3 to 4 feet, and has a capacity of 1,600 tons of 
water ballast. 

She has four continuous decks running from stem to stern 
(see Figs. 1 and 2); they are the lower deck, the main deck, the 
upper deck, and the promenade deck; and below the lower 
deck, in the forward and after parts of the ship, is the orlop 
deck and a platform deck. Amidships, instead of these two 
decks, there are two continuous stringers so as to retain longi- 
tudinal connection. The general height from deck to deck is 
about 8 feet, but from the upper to the promenade deck it is 
about 9g feet, and from the platform to the orlop deck about 7 
feet 6 inches. In the forward part of the vessel, on the two 
lower decks, are the provision rooms, ice room, cable tier, and 
chain lockers. In the after part, the space adjoining the run or 
stern of the vessel serves as cargo space; it has a capacity of 
2,000 tons, but is never used during the height of the traveling 
season, as it takes too much time to load and unload in port. 

The lower deck, amidships, for the full length of the engine 
and boiler space, contains nothing but coal bunkers ; forward 
and aft of this, and above the water line, are cabins for first and 
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second-class passengers, the after of which are in compartments 
11 and 12, and were for the most part under water after the 
catastrophe. Abaft and adjacent to these area number of cabins 
for second-class passengers, while the third-class passengers are 
provided for in the extreme forward and after parts of the ship. 
The main deck is similarly divided. On the upper deck, for- 
ward, are the lavatories, closets, and hospital for third-class pas- 
sengers. Then follows the dining saloon for first-class pas- 
sengers, which on the deck above extends the full length of the 
promenade deck. The central portion is 22 feet high, 25 broad, 
and 53 long, the whole being covered by an arched stained- 
glass skylight one and one-half inches thick. The entire saloon 
is 70 feet long and about 50 feet wide, and will seat about 250 
people. Adjoining this saloon, aft, is the dining room for chil- 
dren, officers’ and engineers’ mess, lavatories for ladies and gen- 
tlemen, and last of all a large smoking room. Immediately ad- 
joining the latter, is the dining room for second-class passengers ; 
then follow the cabins for officers, and in the stern the hospital 
for first and second-class passengers. Above the center of the 
upper deck, which is 49 feet wide, is the promenade deck, 29 
feet wide, at the forward part of which is the arched skylight of 
the dining saloon, and abaft this the ladies’ saloon and the read- 
ing room. Shecan accommodate 1,500 passengers of all classes, 
and the accommodations for the first-class ones are equal to 
those to be found in any modern first-class hotel. 

The promenade deck on either side of the cabins is 17 feet 
wide; upon it are located twenty-six folding life boats. 

The central portion of the ship below the upper deck, for a 
length of 160 feet, is entirely taken up by the engines, boilers 
and coal bunkers. 

Hydraulic power has been introduced everywhere, in order to 
avoid the unpleasant noises caused by the chains of steam winches 
used in loading and unloading freight. The officers and crew 
number 375, of whom 176 belong to the engineers’ force alone, 
viz: 1 chief engineer, 18 assistant engineers, 6 of whom hold 
certificates as first-class engineers, 3 for dynamos and 3 for ice 
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machines, 3 for feed pumps, 33 oilers, 54 firemen, 57 coal pass- 
ers and I yeoman. 

The vessel is a three-master, and although the sail area is 
11,000 square feet, it is not capable of imparting any forward 
motion to the ship. It consists chiefly of fore-and aft sail, and 
is intended merely to steady her in a sea-way. She was built in 
1888 and 1889 by James and George Thomson, of Clydebank 
(Glasgow), in accordance with the rules of Lloyds and the Board 
of Trade; at the same time, the British Admiralty requirements 
were satisfied, so that in case of war she might be used as a 
cruiser. All the engines, boilers and appurtenances were made 
by James and George Thomson, the dynamo, ice and pumping 
machinery only being of special make. 

The weight of the hull itself is about 7,000 tons, and the ma- 
terial is Scotch steel. Fourteen water-tight bulkheads divide 
the vessel into fifteen compartments. They extend up to the 
main deck, and are % inch thick below and ;¢ inch above the 
water line. There is, besides, a water-tight bulkhead between 
the engines; near the center of it there is a water-tight door, 
stiffened by 3} by 7-inch Z-bars. 

The City of Paris started on her first voyage to New York on 
the 3d of April, 1889, and up to the time of the accident had 
made nine such voyages. During August of that year she made 
the fastest trip that was ever made between Sandy Hook and 
Queenstown, viz: 5 days, 19 hours and 18 minutes, which is 
equivalent to a speed of 20.6 knots, or 23.75 miles per hour. Up 
to that time the Zvruria and the Umbdria were considered the 
fastest vessels afloat, their record being 6 days, 2 hours and 7 


minutes. 


II. 


She has twin screws, each of which is driven by a vertical, in- 
verted, triple-expansion engine of 8,000 to 10,000 horse power, 
the plan and arrangement of which is clearly shown on Figs. 1 
to 5. The steam pressure varies from 140 to 150 pounds per 
square inch. The high-pressure cylinders are 45 inches in di- 
ameter, the intermediate 71,and the low-pressure 113; the stroke 
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is 5 feet. The cylinder liners are made of cast iron and are jack- 
eted. The cylinder covers and heads are not jacketed; there is 
no means of doing it, as there are no openings in the ribs, as 
could be seen on the broken cylinder cover. The surface thus 
exposed in the L. P. cylinder amounted to 48 per cent. of the 
surface of the cylinder. The jackets are heated by live steam 
from the boilers, the pressure of which is regulated by means of 
a reducing valve. The drainage of the jackets is attended to by 
the engineers opening from time to time a cock, / (Fig. 3), on a 
water trap provided with a glass gauge. The valve chests and 
passages were drained in a similar manner, so that in all there 
were six such traps, all of which discharged into the air-pump 
pressure space. I was informed that the jackets consumed from 
4 to 5 per cent. of all the steam produced. (The low-pressure 
jacket was originally intended to take steam and condensed 
water from the other jackets, and this water was then to 
pass into the cylinder to be again converted into steam. It 
appears, however, that this scheme did not prove a success. The 
‘entire exhaust steam from the auxiliary machinery, amounting 
to about 500 I.H.P., is passed into the low-pressure steam chest.) 

All the cylinders are fitted with piston valves, the high-press- 
ure having one, the intermediate two and the low-pressure four, 
all of about 24 inches diameter. They receive their motion from 
eccentrics secured to the coupling flanges of the crank shafts, 
and are reversed by the usual Stephenson link motion. The 
eccentrics are 54 inches in diameter, and have a throw of about 
8 inches. In the high-pressure cylinder the steam is taken be- 
tween the valves, and in the others at the ends. Balance pistons 
are provided for all valve stems to carry the weight of the valve, 
rods and eccentric straps. 

The pistons are of cast steel. The rod is secured to the pis- 
ton by a flange and eight bolts 3} inches in diameter, instead of 
the usual taper and nut, as shown in Fig. 6, which is a copy of 
J. and G. Thomson’s working drawing. This peculiar design ap- 
pears to have been adopted solely at the request of the engineer- 
in-chief of the Inman Line, Mr. J. Doran, a fact I ascertained 
during a conversation with that gentleman. He claimed that a 
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great many pistons have been split by setting up on the nut 
where the tapered piston rod was employed, and for that reason 
he was in favor of a flanged joint. This could only happen to 
such pistons where the taper had very little draw. Such a case 
has never come under my notice when the taper had a good 
draw, nor do I know of it having occurred with anybody else. 
In fact the tapered piston rod end is used by all leading marine- 
engine builders, and has also been used on the latest engines of 
the United States Navy. A more detailed description of this 
piston will be given hereafter. 

The cylinders are not connected by faced flanges, but as usual, 
by two rods 40, about 3 inches in diameter (see Figs. 3 and 4), 
the flanges a’a’’ being smooth, but not faced. They are further 
connected by rods f They rest on cast-steel inverted Y-frames, 
the latter resting on a bed plate of the same material. The fore- 
and-aft distance of the piston valves of the L.P. cylinder from 
center to center is about 11 feet 6 inches, so that their distance 
from the bearing surfaces vv is about 4 feet 6 inches. The low- 
pressure cylinders only have tail rods. On the high and inter- 
mediate they were cut off and the stuffing boxes closed by blank 
flanges, so as to save weight, lubricant and packing materials, and 
to give about 240 additional ILH.P. The engines were fitted with 
a Dunlop governor, which acts only when the ship is pitching, 
but will not prevent racing in a smooth sea. It is remarkable 
that many English engineers and designers claim that it is impos- 
sible to construct a governor that will prevent an engine racing 
under all conditions, and that it is neither practicable nor nec- 
cessary with triple-expansion engines with cranks at 120 degrees 
apart, on account of the regularity of turning. The average 
number of revolutions were 80 to 84, equivalent to a piston speed 
of 800 to 840 feet, but in the original design only 75 revolutions 
were proposed. Cross-heads, guides and connecting rods were 
built in the usual manner. (See Figs. 3 and 4.) The crank 
shaft was in three similar sections, each section in five pieces, 
making fifteen pieces in all. With the exception of the cylin- 
ders and pistons, every part of the engine was interchangeable ; 
one piston valve, one piston rod, one crosshead, one eccentric 
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and rod, one crank shaft, one bed plate, etc., will answer as spare 
parts for all six cylinders of both engines. The bed plate is 
not cast hollow, but is open on top, is ribbed and has large cored 
openings ; it appears weak in spite of considerable depth, though 
the same could not be said of the engine foundation. _ I had only 
a hurried glance at the foundation plan in the engineering office 
of the Inman company, but I remember that the keelsons were 
at least 4 feet 2 inches high, the angle irons about 8 by g inches, 
and the distance between angle irons under bed plate not more 
than 12 inches. The drawing of the foundation in Figs. 3 and 
4 is to be accepted only as a general scheme; the center of the 
shaft might be about 9 inches too high above the bottom of the 
ship. 

The surface condensers are cylindrical and are made of brass. 
Their location and that of the air pump, is shown in Figs. 3 and 
5. At, near one end of the condenser is the centrifugal pump 
and engine; at # two vertical Worthington feed pumps; at / 
two vertical fire and bilge pumps; at &, a large vertical accumu- 
lator steam pump of about 100 I.H.P., without a fly wheel ; it is 
regulated automatically according to the needs of the hydraulic 
machinery, one half of which is supplied by each accumulator. 

There are the following auxiliary engines in the vessel: In 
the engine rooms, two accumulator pumps, four feed pumps, 
four fire and bilge pumps, and two circulating pumps; in addi- 
tion to: this there is a steam cylinder for each reversing engine 
and another for opening the main stop valves; abaft the engine 
rooms, four compound dynamo engines, with cylinders 74 and 
13 inches in diameter and 12 inches stroke, and two ice ma- 
chines with cylinders 6 inches diameter and 12 inches stroke; 
over the boilers, twelve fan engines for forced draft; there are 
also two steam anchor-hoisting engines ; so that in all there are 
32 auxiliary engines in the ship. The fans for ventilating the 
passenger quarters are driven by electric motors, each fan being 
capable of discharging 4,000 cubic feet of air per minute. The 
dynamos supply about 1,000 incandescent lights. Hydraulic 
power is used for turning over the main engines (the driving 
wheel zw can be seen on the after flange of the thrust shaft in Fig. 
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5), for the steering engines, for the eight ash hoists, for an engine- 
room elevator, four kitchen elevators, one feed hoist for the 
stables, and 12 cargo whips, each of 30 tons capacity. 

Access to the engines is had by three platforms. On the low- 
est (No. 1, Fig, 3) all the cranks and bearings can be overlooked. 
The gauges are above the hand wheel a’, and near it is a lever 
e’ for opening the steam cylinder for the main stop valve. The 
second platform gives access to the crossheads, guides, links, 
eccentric bearings, air-pump connections, stuffing boxes, etc. 
The third platform is for the oilers alone. On the upper side of 
the intermediate cylinder there are two brass oil boxes about 20 
inches long, 10 inches wide and 16 inches deep, from which the 
oil is led through copper tubes to the different connections on 
the second platform. 

Contrary to the usual practice the 54-inch bolts for holding 
down the caps of the main bearings are not in the center, but 
about three inches out of center and towards the crank pins (see 
Fig. 5). Each line of shafting consists of ten pieces connected 
by flanges, with fourteen bearings and one thrust bearing, Only 
the 42-foot length of outboard shafting and the three sections of 
crank shaft are hollow; all are of Vickers’ steel. 

The outboard bearing is shown in Figs. 7 and 8. It is cast in 
one piece with the upper strut, and the lower strut is connected to 
the bearing by means of a flange ; both parts are of cast steel, and 
weigh 26 tons. The lignum vite was not secured in the usual 
way with a rib separating each strip, but the strips were laid 
so as to touch each other, and were only prevented from turn- 
ing by a feather at the top. They were secured by wrought- 
iron bands driven in tight over the ends, and were kept in place 
by a ring secured to the bars. 

The boss of this bearing was connected to the side of the 
ship by a conical sheet-iron casing about 60 feet long, and the 
casing itself with the skin of the ship by the plate struts /, Fig. 1. 
Although this method of stiffening the outboard bearing appears 
very solid, it is objectionable from the fact that for about 60 feet 
of its length the shaft is inaccessible. In case it is necessary to 
inspect the screw shaft journal it becomes necessary to remove 
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the screw and tear away a considerable portion of the casing. 
The large plate struts moderate the pitching of the vessel. 

The screw propellers are three-bladed, and are made of man- 
ganese bronze; originally they were made of steel. 

In regard to the performance of the engines, I found that at 
16 knots in very bad weather (head wind) it took 13,700 I.H.P., 
and at 20 knots in good weather 18,800; the power ordinarily 
developed is 16,000 I.H.P. 


Ill. 


Forward of the engines, in three water-tight compartments, 
each with a smoke pipe, are the nine double-ended boilers, with 
a total heating surface of 50,265 square feet. Each boiler is 15 
feet 6 inches in diameter, and 19 feet long; has six furnaces, each 
47 inches diameter, and 1,056 tubes, 23 inches outside diameter, 
and 7 feet 6 inches long. The grate bars are from 1 to 13%; 
inch thick. The boilers have a common combustion chamber. 
The tops of the three oval smoke pipes are about 100 feet above 
the center furnaces. The boilers are always worked with forced 
draft, on the closed stokehold system; otherwise they would 
not be capable of furnishing enough steam, for the ratio of the 
inside diameter of the tubes to their length is 1 to 41, compared 
with I to 25, to 1 to 30 for boilers with natural draft. The air 
pressure in the fire rooms is kept at from 7% to I inch of water ; 
generally } inch. The blowers take air from the deck. The 
temperature in the fire rooms varies from 95 to 120 degrees Fahr., 
and the evaporation with Welsh coal is about 9.5 pounds. The 
average coal consumption is 330 tons a day, which seems rather 
high for the average. For the return voyage from New 
York, Pennsylvania (bituminous) coal is used. In order to 
preserve the boilers, the feed water is heated to 200 Fahr. by a 
special heater, supplied with steam from the boilers. The vac- ae 
uum is 26 inches, with a temperature of injection of 50 Fahr. 

From these figures, the calculated steam consumption per I.H.P. 
per hour is 15.4 pounds, exactly the same as that of the Mezeor, 

also by J. and G. Thomson, and the evaporation per square foot of 
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heating surface 5.5 pounds; not much more than is obtained 
from boilers with natural draft. 

The total weight of boilers, including water, is about 2,000 
tons; that of the entire machinery, including propeller shafting, 
bearings, propellers and struts for supporting the outboard bear- 
ings, over 1,000 tons; to this must be added 2,500 tons of coal, 
making in all 5,500 to 6,000 tons for boilers, engines and coal. 


IV. 


Annually, during January, the vessels of the Inman Line are 
docked for the inspection, cleaning and repairing of the hull 
and machinery. The City of Paris was docked on the 6th of 
January, 1890, in drydock No. 3, at Birkenhead, and remained 
there until the 18th of January. On the 5th of February she 
was to have left for New York. Several defects were discovered 
in the engines, and were made good. Cracks were found in the 
- columns, one of which had been repaired in New York some- 
time before. An inspection of the starboard outboard bearing 
showed a wear of ;°; inch, and the upper play in the lignum vite 
was 3 inch. The bearing on the port side showed no evidence 
of wear. This was also the case with the C7zty of New York, 
which had been running eight months longer than the City of 
Paris. The repairs made consisted in fitting new lignum vite 
in the lower half of the bearing without taking out the shaft, 
which would have taken about fourteen days more, although the 
foreman of Laird Brothers had orders to make repairs regardless 
of expense. 

The next voyage to New York was made without mishap, as 
was also the following one. On the last (ninth) voyage she left 
New York March tgth, 1890, with 687 passengers and 2,000 
bales of cotton. On the 23d the starboard engine had to be 
stopped for twenty minutes to pack the high-pressure stuffing 
box. From that time to the afternoon of the 25th everything 
went well until! about 5°20 P. M., when the captain and some 
others noticed large volumes of steam issuing from the starboard- 
engine skylight, and immediately afterwards felt heavy repeated 
shocks on the vessel. 
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The oiler. Cunningham, who went on watch at 4 o'clock on 
platform III, claims to have observed no racing of the engine, 
which may be very true, if we consider that a racing engine, 
with total absence of pressure on the bearings, runs almost noise- 
lessly, with the exception of the pumps; but these being so far 
below platform III, and there being little steam to condense, prob- 
ably worked very quietly also, and during the general noise the 
varying gait of the starboard engine from that of the port, which 
was running at a quiet gait, could not be easily detected. Shortly 
before this, this oiler had wiped off the low-pressure tail rod, had 
stepped off the cylinder cover, and was just in the act of clean- 
ing one of the valve-chest bonnets, when he suddenly saw pieces 
of the cylinder head fly up and steam escape which burnt him. 
He took refuge in one of the store rooms on platform III, in 
order to protect himself from the hail of iron that was flying 
around, and afterwards crept to one of the ladders, which he had 
hardly reached when he’ heard a tremendous crash, and then 
made his escape. 

Below, on platform I, was third engineer Gill, who held a 
first-class certificate, and whose watch commenced at 5°20. He 
states that at this time the steam gauges registered 140 pounds, 
and that the engine was making from 81 to 82 revolutions, and 
that he found all bearings running cool, and then went over to 
the port engine, closing the door in the bulkhead behind him. 
Immediately afterwards he heard the starboard engine begin to 
race, and hurried back and put the link in mid position, as near 
as he could, with the engine room full of steam. While thus 
engaged a large piece of iron fell close to him, and he made his 
escape to the port engine room. 

These statements seem very doubtful. If Gill really wanted 
to stop the engine he could have done so easier with the handle 
e’, which actuates the steam cylinder for closing the main stop 
valve, and where he would have been much better protected from 
the “iron hail,” for this handle is about six feet further away 
from the low-pressure cylinder than the reversing wheel. Fur- 
thermore, how was it possible for the engine to raise the weight 
of 55 tons of shafting if the links were in mid position, or nearly 


| 


ACCIDENT TO THE CITY OF PARIS. 301 


so? During his further testimony, he said that the engine room 
was filled with steam later on, and that he was engaged in pump- 
ing out the port engine room until midnight. The other 
witnesses declared that the height of the water forced them to 
retreat about 11 o'clock. At 8 o’clock the water was 22 feet 
deep. 

Fifth engineer Holcroft relieved McLaren at 5°15, and felt the 
bearings of the port engine. He was afterwards engaged in ex- 
amining condensed water in the starboard engine room, when 
he suddenly perceived that the starboard engine was racing ; 
he concluded that the screw was broken, and then made his 
escape. 

Engineer Gibson had the watch from 12 o'clock noon until 
4 P. M., but returned again to the engine room at 5°20 to relieve 
McLaren, so that he could go get his tea. (Holcroft had al- 
ready relieved McLaren.) He felt the bearings of the starboard 
engine and everything seemed to be working well, the steam 
pressure being 145 pounds. While he was feeling the bearings 
of the port engine, the starboard engine began to race, and a 
heavy piece came flying through the bulkhead behind him (see 
holes ZZ in bulkead, Figs. 3 to 5.) What it was he could not 
say; he neither looked for it, nor did he find anything. He ran 
back to the port engine room, and went up to the store room 
for a light, and was afterwards engaged in closing the doors in 
the bulkheads and in pumping out. As he looked into the star- 
board engine room, he saw the low-pressure cylinder falling 
down, after which all lights were extinguished. 

The other engineers, examined by the court, Carnegie and 
Walls, were not in the engine room during the accident, but 
were in their cabins. If there was anybody else below besides 
the four men above mentioned, their testimony certainly would 
have been taken by the court. Therefore, it must be concluded 
that there were only four engineers present in both engine rooms, 
while a full watch should have consisted of at least twelve engi- 
neers and oilers. And of these four, Gibson and Holcroft, did 
not belong there; their places should have been filled by Mc- 
Laren. Where the others were the Liverpool court did not in- 
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quire; but according to the testimony of engineer Walls, who 
was busy filling out the starboard engine room journal, in his 
cabin immediately above the starboard engine, he heard noise 
below, but on account of the steam could not reach the star- 
board engine, but reached it by means of the firemen’s entrance 
on the main deck, and observed about eight different engineers 
there idle, and ordered them to work. 

McLaren states that he was in the engine room about 5 
o'clock, and observed nothing unusual, while he was relieved by 
Holcroft at 5°15, and by Gibson at 5°20. 

It was the intention of the builders to keep the door in the 
bulkhead always closed. Mr. Biles, the former naval architect 
of J. and G. Thomson, and the designer of the City of Paris, 
stated before the court that this door was put there solely, or 
mainly, to control the water in the two engine rooms. At the 
Inman office I was informed that the personnel of the two en- 
gine rooms was an entirely separate one; that the one does not 
bother about the other, and for that reason Mr. Biles doubted 
that Gill could have walked from the port to the starboard en- 
gine and put the valve gear in mid-position. 

After having thoroughly read the proceedings of the court, I 
am forced to admit that I can accept the statements of only one 
of the four eye witnesses of the accident, viz: that of the oiler, 
Cunningham (except that of Holcroft, who doubtless told the 
truth when he said that he made his escape without even having 
attempted to stop the engine.) 

Let us now follow up the further occurrences based on the tes- 
timony of John Walls, the chief engineer, whom I personally 
met, and whose statements I accept as being perfectly true. 

When Walls finally gained access to the stop valve of the star- 
board engine, with the assistance of another engineer he closed 
it, then hurried back to the main deck, and from there to the 
port engine, and closed the valve there also. Here he met en- 
gineer Carnegie, who, after the catastrophe, hurried below, and 
from him he first learned what had happened, and which he had 
failed to see on account of the steam in the engine room, viz: 
that the low-pressure cylinder, with the columns, air pump, and 
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everything connected with it had disappeared; that the eonnec- 
tion of the condenser with the sea was destroyed, and that in 
that way the water was rapidly filling the engine room. There- 
upon, the door in the longitudinal bulkheads was closed, the 
port engine bilge pumps started, and Walls and an assistant tried 
to close the sea connections in the starboard engine room (Ig in 
all), but were only successful with a few. The others were so 
badly damaged that to try to close them would have been use- 
less. In the meantime, the vessel fell into a heavy sea, and rolled 
so heavily—2o degrees to starboard and 23 degrees to port— 
that Walls and his companions, now up to their necks in water, 
had to give up all further attempts. Considering further that the 
entire engine room was in darkness—it was also getting dark 
outside—and that the inrushing water made every free move- 
ment impossible, that Walls had to feel and climb his way around 
the ruins, the water gaining every second, it must be admitted that 
this man did his duty. A few moments later the water rushed 
from the starboard to the port engine room, there being a num- 
ber of holes in the longitudinal bulkhead about 12 inches diam- 
eter, and 8 feet above platform I. All attempts to close these 
holes with wedges and mattresses proved futile, the shock of the 
waves being too heavy. In the meantime, the carpenter reported 
that water had made its appearance in compartments Nos. 11 and 
12 (Fig. 1), and was rising rapidly. By effective pumping it was 
possible to partially save these compartments, so that upon ar- 
rival at Queenstown the water in No. 12 was pumped down to 
twelve feet, and in No. 11 to six or six anda half feet. These and 
other compartments in the ship had no hand pumps at all, and 
were only connected with the engine bilge pumps by suction 
pipes. After these were destroyed, the water flowed from the 
engine room through the suction pipes to compartments I1 and 
12. Here is a case where the bilge pumps served to flood the 
compartments instead of draining them. The cabins for first- 
class passengers on the lower deck, which have already been 
referred to, were in these compartments. | 

The bulkhead No. 9, between engine and boiler room, had 
already sprung several inches, and threatened to give way on 


4 


304 ACCIDENT TO THE CITY OF PARIS, 


account of the force of the waves. Walls supported it with 
wooden props placed against the boilers, and this prevented any 
further trouble from that side. The captain tried to prevent any 
more water from coming in through the sea valves by drawing 
sails around the ship, but it was of no avail, as the heavy seas 
tore the sail away again and again. Night came on. In the 
engine compartments and in the dynamo room (between Nos. 9 
and 10) the water was about 25 feet deep, and just about as deep 
in compartments 11 and 12. Over 3,000 tons of water was already 
in the ship! 

Notwithstanding this there was still 11 feet freeboard, and 
therefore no danger of going down. Fortunately good weather 
prevailed, so that the whole crew could put their entire energies 
on the hand pumps. All sail was set, but had no effect, the wind 
being perfectly calm. The ship was then about 176 miles from 
Queenstown. The speed at the time of the accident was about 
19} to 20 knots. On the morning of the 26th the first officer 
put out in the steamer route in the hope of finding a vessel to 
take them in tow. On the morning of the 28th he met the A/ders- 
gate (2,000 I.H.P.), which towed them to Queenstown, where 
they arrived at 4 A.M. on the 30th; ex route they met the Ofio, 
which also helped to tow them. During the whole time the 
hand pumps were worked to their full capacity, though all at- 
tempts to pump out the engine rooms failed. At Queenstown 
divers succeeded in closing the sea-valve openings on the star- 
board side, the water was pumped out, and on the 2d of April 
the vessel proceeded to Liverpool under her own steam with the 
port engine, arriving on the 3d. She remained there from the 
4th to the 8th under the 100-ton crane for the purpose of remov- 
ing the heaviest parts of the machinery, such as cylinders, covers, 
pistons and frames. On the oth she was put in drydock No. 3, 
at Birkenhead, and on the roth the hull of the vessel could be 
inspected. 

Damage was found that could not have been imagined, and 
other places which were believed to be damaged were found per- 
fectly sound. 

The skin of the ship was intact, but the starboard screw, which 
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should have been hard up against the outboard bearing, was 
about 18 inches from it,and the shaft casing was buckled on the 
lower half of the forward and after ends, and partially worn 
through. Upon closer inspection it was seen that the shaft had 
dropped down about 8 inches from its normal position, that the 
lignum vite had disappeared, and that the brass lining which 
had contained the lignum vitz was entirely worn through on the 
lower half, the shaft having ground itself deeply into the steel 
boss of the bearing. These facts explained everything: the 
shaft must have broken within the large casing outside the ship, 
and ¢his was the cause of the racing of the engine on the 25th of 
March. 

To find the break in the shaft, the rivets were cut from the 
casing next to the ship, but without taking any precaution in 
case the broken shaft should fall. The workmen had quit work, 
when about midnight Walls was informed that the shaft, with 
the screw, casing, bearing, etc., representing a weight of 46 tons, 
had fallen into the dock. 

But what was the cause of this extraordinary wear on the 
bearing, while that of the port shaft was in perfect order? This 
mystery has up to this time not been solved. 


V. 


All possible theories have been advanced in regard to it. 

a. The length of unsupported shafting was too great. From the 
stern tube to the outboard bearing there was an unsupported 
length of shafting of 47 feet 6 inches, or a free length of 28 dia- 
meters. This is evidently great. Large war vessels with engines 
of the same power as the City of Paris, e. g., the French pro- 
tected cruiser Dupuy de Lome, have two bearings in order to re- 
duce the length between supports. And it is only in smaller 
war vessels that the length of such shafting is greater. With 
similar large twin-screw steamers recently built, the unsupported 
shafting is in each case less ; the proportion of diameter to length 
being as I to 20. On the Augusta Victoria of the Hamburg 
American Packet Co., the unsupported length is about 32 feet 8 
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inches and the diameter 20} inches, a ratio of about I to Ig, as 
against 20.5 to 570 inches on the City of Paris, or 1 to 28. 
About the same proportions exist on the twin-screw steamers 
Columbia and Normannia, of the same line. On the Columbia 
the length of shafting is 33 feet 6 inches ; the shafts are hollow, 
g inches inside diameter and 21 inches outside diameter, the 
ratio, therefore, being I to 19. Objection might be raised to the 
argument against so long an unsupported shaft, that the bear- 
ing on the port side remained uninjured although it was working 
under exactly the same conditions as the one on the starboard 
side. Furthermore, both bearings of the C7zty of New York, 
which had been in service eight months longer, are of precisely 
the same construction and are good to-day. But against this 
must be considered the possibility that the broken shaft of the 
City of Paris might have been badly lined up from the very be- 
ginning, that the screw struck something, etc., all of which can 
not now be proved. 

b. The pressure on the lignum vite bearing was too great. Cal- 
culation, neglecting grooves and buoyancy, gives a pressure of 
46.8 pounds per square inch. Seaton (Manual of Marine Engi- 
neering, page 175, the standard English work on marine engines) 
gives 50 pounds per square inch as the limit. The same value 
is given by Busley, Schiffsmaschine, Vol. II, page 101. Accord- 
ing to this, the pressure was great though not excessive. 

A comparison of these proportions on other twin-screw 
steamers gives: 


‘Weight of screw | Pressure per sq. 


Name of Vessel.| and half of out- | Bearing surface. in. of bearing 
| board shafting. | surface, 
Columbia .ooreeee'| 25 tons, 6 feet 3% inches long, 22} inch- 32.65 lbs. 


| es diameter = 1,714.78 square 

| inches. 

Normannia......| 30 tons. | 5 feet 94 inches long, 23} inch-| 41.50 lbs. 
es diameter = 1,615.87 square 
inches. 

City of Paris...| 35 tons. | 6 feet long, 224 inches diame- 48.40 lbs. 

| ter = 1,620 square inches. 
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c. The lignum vite had swelled too much. An expert, Mr. P. 
Sampson, tried to prove this on the strength of experiments 
made by himself, as if John Penn, who 35 years ago introduced 
lignum vite as the most suitable material for the stern-tube bear- 
ings, had not himself made very accurate experiments. Accord- 
ing to the statement of foreman Heron, only the very best 
material was used, and carefully put in during the repairs in 
January. The name Laird Bros., is a sufficient guarantee that 
the lignum vitz was as good as could be had. 

ad. The lignum vite strips were not properly put in. (See Fig. 8.) 
This method of fitting the lignum vitz strips has often been used 
before with good results. 

e. The metal sleeve on the shaft was cracked, and the sharp edges 
along the crack, acting like a knife, cut away the wood, cic. The 
thickness of the sleeve which still remained on the shaft I found 
to be about 42 inch. When new it must have been at least an 
inch, which appears to be none too thick. It sometimes hap- 
pens that this sleeve cracks after having been worn down to a 
certain thickness, caused by internal stress in the material, due to 
rapid or irregular cooling off. The Inman Line had such a case 
happen four times in six years, with twenty-two vessels, though 
it never went further than to destroy the lignum vite; the entire 
bearing was never destroyed, nor the shaft broken. It does not, 
of course, follow that the destruction may eventually go farther. 

J. Ashes got into the bearing and causeda grinding process. The 
official record of this is as follows: She burned American coal 
on the voyage, and there were more ashes thrown overboard on 
the starboard than on the port side (Walls’ statement). But how 
could ashes get into the bearing? On this the Court does not 
offer the slightest clue. In Liverpool I heard that a big hole 
had been cut in the top of the casing, so as to allow the water 
to get to the bearing. This was corroborated in London. I did 
not notice this hole while inspecting the ship in drydock on May 
2, partly because I gave my entire attention to the broken shaft, 
and having no knowledge of this hole, I did not look for it. 
Professor Busley, who had seen the vessel the day before, told 
me that he had seen where a plate about 12 by 16 inches had 
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been bolted to the forward end of the casing, with which this 
hole was probably closed. 

Be that as it may, I know of some twin screw vessels that have 
no casing at all, and where the shaft runs naked in the water, e. 
g., the two nearly-new duplicate steamers of the Hamburg Ameri- 
can Packet Co., the Co/umdia and the Augusta Victoria, where the 
unsupported length of shafting is 33 feet 6 inches and 32 feet 8 
inches, respectively. 

Except for the counter arguments already made on the various 
points, all the theories from 4 to f, as was already done under a, 
can be reduced to a comparison of the port bearing of the City 
of Paris and both bearings of the City of New York, which, of ex- 
actly the same design and under similar conditions, are well pre- 
served. 

There still remains the theory that sand got into the bearing 
in some shallow place, and on account of the short time neces- 
sary to wear off lignum vite, it soon made the beveled edges 
disappear, thus causing a lack of opening for water, and conse- 
quently further destruction was rapidly augmented. But this 
method of fitting lignum vite having been used for years it is in- 
credible that such an accident should not have long ago happened 
to some other vessel, there being many others that more fre- 
quently get into sandy and shallow places ; and that this should 
have just happened for the first time, and to the City of Paris, 
is remarkable. 

Equally fruitless was the examination of the court in regard 
to the destruction of the engine, viz: which part broke first, and 
how this rapid and complete destruction took place. 


Vi. 


All these questions will be treated in the report of my trip to 
Liverpool. Atriving there at noon, May 2, 1890,I1 found my- 
self at 5 o'clock, thanks to the advice of Mr. Busley, in Laird’s 
boiler shop (Birkenhead); in the erection shop I found what 
was left of the L. P. cylinder, the cover and head, and the piston 
and columns. At first sight I was struck by the numerous 
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blow holes in the cracked valve chests, and the broken portions 
of the oval walls showed a thickness varying from ? to 13 inch. 
I could hardly believe my eyes. And the broken portions of 
the cylinder and liner were just as irregular; in one place it 
measured 1;,and in another 2$inches. Thecourt having called 
the attention of James Thomson to the varying thickness of 
the cylinder he admitted the fact, but could not explain the 
cause. The blow holes in the castings were not considered at 
all by the court. Besides, it was no easy matter to measure the 
exact thickness, as the broken pieces were very much battered. 

The two broken parts of the cylinder (cc’”’, and c’ c’’ Fig. 5) 
together represent a little more than half of the circumference 
of the cylinder. The remainder was broken into a number of 
pieces of all sizes. The bottom of the cylinder was entirely 
knocked out. Thethickness of the latter and of the ribs, as well 
as the number of the ribs, was, in my opinion, carried too far. 
The flange of the cover was still on the studs of the cylinder 
in the shape of small rings. In general I found all flange con- 
nections intact, while everything else of the same part would be 
broken to pieces, as, for example, the flanges on the columns, 
the one below being on the bedplate and the one above on the 
cylinder. 

The latter was little injured in the upper part. All piston 
valves were in their chests. Only one of the four balance piston 
covers was broken off; the lower end of the valve rod, 5} inches 
diameter, was bent and the stuffing box broken; consequently 
the cylinder fell upon the lower end of this rod, and the balance 
piston, being driven upward, knocked off the cover. On one of 
the large quadrant-shdped brackets, to which a reversing shaft 
was secured (see Figs. 3 and 4), the bottom flange was still in 
place, though the bearing itself was broken square off. The line 
of rupture of the cylinder was nearly parallel to the axis, as 
might have been expected. The flat parts of the ports were 
braced by screw stay bolts 17 to 2 inches diameter with a very 
fine pitch, instead of cast ribs or smooth stays. These, as well 
as most bolts, were mutilated. The 24-inch copper steam pipes 
were still in place, but were very much flattened. 
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The cylinder cover was in a sad condition. The flange was 
entirely gone. There was a very prominent depression near the 
center, half an inch deep, but no trace of a crack, although the 
material, as well as that of the cylinder, was “short.” I found 
the tail-rod stuffing box without the usual ring at the bottom. 

Of the piston, I found about nineteen large pieces, the largest 
about 3 feet 3 inches. Close by were a large number of small 
pieces, some of the size of the hand. All pieces are remarkable 
from the fact that not one was deformed, but retained the original 
conical shape, while there were many depressions and flat pressed 
surfaces, a square foot or more in area, on the cast-steel columns; 
and all the edges of the broken surfaces were perfectly sharp, not 
distorted, and therefore coarse grained and crystalline. I tested 
the material with a sharp chisel, but could not make the chip 
roll up much; it always broke off at a length of about ? inch. 
Thinking that this might be due to my unsteady hand, not hav- 
ing done any chipping for over 40 years, I got a boiler maker to 
repeat the test. He tried it with a very sharp chisel, but he, too, 
could not cut a chip longer than % inch. From my experience, 
I must conclude that this material was very brittle and lacked 
toughness. In contrast with this, the warped annular follower was 
of excellent material. The bolts for securing it were tapped into 
the body of the piston. The cast-iron piston packing rings were 
present in innumerable pieces; of the springs (Peck’s piston 
packing was used on all the pistons) between the packing rings 
I found no traces. The thickness of the piston was somewhat 
less than the drawing, which I subsequently received in the office 
of the Inman line, called for. This also agrees with the calcula- 
tion. According to the drawing (Fig. 6) the piston should weigh 
5.96 tons, but it only weighed 5.5 tons (Thomson’s statement). 

The fragments of the columns were nearly all in heaps, mak- 
ing an examination very difficult. The largest pieces did not 
measure more than 3 feet 3 inches by 4 feet 3 inches. The ma- 
terial was cast steel, and appeared to be very brittle. The chisel 
tests gave only a little better result than that of the piston. A 
piece a foot square was cut out of one piece for the purpose, as 
I was informed, of making tests for the Board of Trade; but 
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during the entire proceedings of the Court not a single word was 
said about it, nor of the material of the piston, to which I had 
specially called the attention of the Inman people. 

The calculated weight of these columns, according to the 
drawings, was 6 to 7 tons, with an average thickness of 1 inch, 
and the flanges 1? inches. As a matter of fact, they weighed 7 
tons, according to Thomson’s statement. Instead of an average 
of 1 inch, it actually varied from § to 13. It is apparent that 
such a steel casting must be full of stresses, and it was acknowl- 
edged that five of the six columns of the starboard engine were 
patched. These patches consisted of steel plates fitted on while 
hot and secured by a number of tap bolts. According to the 
statement of an expert, the fractures occurred all over, but not 
where the patches were. I did not see any, nor did I look for 
them, having learned of their existence afterwards. The holes 
for the 3}-inch bolts which connect the piston with the piston 
rod flaige showed that the piston was separated from the rod by 
a pressure from below. This could not be otherwise, because 
all the bolts and nuts were found on the piston rod flange. I 
refer to all these circumstances because they serve to explain 
the true proceedings during the destruction. 

I thousht I had seen the most incredible things, and was 
about to vithdraw, it being after working hours, when the guide 
asked meif I had looked around the yard, and then showed me 
the way tcgo. In six different heaps, each about 20 by 33 feet, 
some as ligh as three feet, were an innumerable quantity of 
fragments 6 the columns (also the two planed crosshead guides, 
about 2 indes thick, which singularly enough were in large 
square plate), cylinder liner, etc., eccentric rods, links, reversing 
and air-pum) shafts; the latter with air-pump beam of }-inch 
plate, showec but few broken pieces, but was bent and twisted 
in such a waythat it would have been impossible to have made 
a drawing of ii The air-pump beam shaft, about 10 inches di- 
ameter, was beit to a semi-circle, and the ends terribly crushed. 
Of the air pum z the foot-valve seat, broken in three pieces, and 
the hot well (of yrass) were the only recognizable remains to be 
found. Of the sany valves, 6 inches in diameter, not a single 
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one could be turned; they with their guides, were so badly 
crushed, broken and warped that it was impossible to tell 
whether they were rubber or metal valves. 

The heads of the large 34-inch bolts of the outboard and pro- 
peller-shaft flanges were ground off on one side down to the 
body of the bolts, and several of the nuts, 6 inches deep, were 
ground down to a thickness of } inch. (This occurred on the 
voyage to Queenstown and from there to Liverpool, as the 
broken shaft with the flange ground through the casing, the 
screw being able to turn freely on the voyage). The metal lin- 
ing, about 6 feet long, in which the lignum vite was fitted, 
showed an opening below about 20 inches wide, as if it had been 
planed out. The thickness of the liner was 1 inch. The crack 
on the steel boss of the strut bearing showed a fine grain; as 
also the two steel caps of the crank-shaft bearings, whica were 
broken square in two. A separate large pile was formed by the 
large copper exhaust pipes, about 40 inches diameter, anc } inch 
thick ; they were pressed oval, rolled together like paper, and 
full of holes. The portions of platforms, ladders, had-rails, 
supports, horse shoes of thrust bearing, levers and hardles, oil 
boxes, drip pans, the six cast-iron traps, etc., were hardly rec- 
ognizable as such in the heap. I found some pieces «onnected 
that did not belong together, as for example a #-inch bdt mashed 
perfectly flat around the broken surface of a piece ¢ cylinder 
liner, apparently as if welded to it. The two 3}-nch bolts, 
about 6 feet long, for securing the horse shoes onthe thrust 
bearing presented a peculiar appearance; they wer twisted in 
fantastic shape, but there was not a nut missing. A Tangye en- 
gine with brass centrifugal pump, apparently beloiging to the 
auxiliary condenser for the steam accumulator punp, was per- 
haps worth repairing. 

Close to Laird’s boiler shop is the old Mersey orge, which I 
had seen 35 years ago; it looked to-day as it di then, but ap- 
peared rather small and obsolete. A number @ large broken 
propeller and paddle-wheel shafts were lying nar the entrance. 
I was examining them with great interest wlen the foreman 
came up to me, and at once commenced tospeak about the 
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accident to the City of Paris. He said: “The people are puz- 
zling their brain to know how the accident happened, but just 
look at that stuff in the cylinder—it Aad to break.” I men- 
tioned this merely because this accidental testimony of an un- 
concerned party was of value to me. Though I do not want to 
assert that a better, or the very best material could have pre- 
vented the accident, it is nevertheless strange that the experts 
on the court maintained that the material of hull, engines and 
everything was good throughout. 

I found the C7ty of Paris in dock, and as it was beginning to get 
dark, I made all haste to get down into the dock so as to have a 
look first of all at the broken shaft and the construction of the 
strut bearing, though particularly at the shaft fractures, before 
the parts were removed. On the propeller shaft were two brass 
rings, about 12 inches long, the remains of the brass lining, and 
they were loose. The fractures were unusually coarse grained, 
though from this the quality of the material cannot be judged, as 
the shaft and the lining no doubt got very hot from friction. 
The wrought-iron rings, which held the ends of the lignum 
vite together, were still on the shaft. They were considerably 
worn off, about $ inch, where they had been rubbing on the 
bearing, but otherwise were not damaged. The coupling flange 
of the hollow outboard shaft was broken (see Figs. 7 and 9). 
The fracture was scaly, exhibiting regular loose scales, and was 
entirely different from the fracture of the shaft in the stern tube, 
a piece of which, about 18 inches long, was still in place. This 
fracture was almost at right angles to the axis, and very 
smooth, but not ground off. The fracture in the steel boss on 
the strut bearing formed above an angle, and below was par- 
allel with the axis. The latter fracture was very short, as the 
boss for three-fourths its length was entirely worn through. 
The blades of the screw propeller seemed to be of very good 
material. One of them was rolled up at the tip, another was 
badly damaged. This happened on the night of April 11, when 
they fell into the dock. There were a number of zinc plates on 
the bottom of the ship to prevent galvanic action, yet the nuts. 
which secured the blades to the hub were honey combed, though 
only one year old. 
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I looked at the damage to the bulkheads and the engine room 
hatch, the greatest of which was on a line with the promenade 
deck, about 40 feet above the center of the shaft, immediately 
below the traveling crane. The }-inch plate was stove in fora 
space of about four by six feet. The traveling crane was like- 
wise bent in several places. The engine-room bulkheads were 
also damaged in many places. 

Above the crank shaft, on a block and fall in the hatch, hung 
the connecting rod with crosshead and piston rod, but so high 
up that I could not examine the damages individually (two on 
the upper and four on the lower end). All the connecting-rod 
bolts were in their places. The rods were bent at the upper end, 
as reported in “ Engineering,” but in the center, and about 12 
inches towards the port side. On the crosshead pins only a few 
splinters of the guides were noticeable. The piston rod was bent 
to an angle of go degrees. The eight bolts which connected the 
piston to the flange of the rod were still in place, together with 
the nuts and a few remnants of the piston. The nuts were 
pressed entirely out of shape, and the flange was split in several 
places. On the circumference whole segments were missing. 
(This flange and the connecting rod did the main work of de- 
struction. The bed plate could not be seen, it being still covered 
by fragments and foot planks.) Bearings and shaft were well 
exposed. One of the bolts of the after crank-shaft bearing 
was broken off deep in the bearing: the others were broken 
square off close to the bed plate. One of the bolts of the for- 
ward low-pressure crank-shaft bearing was very badly bent, both 
bearing caps were broken, and the bed plate showed many large 
cracks, especially under the bearings.* 

The shaft was very much bent. The flange connections on the 
feet of the columns were in good condition. The greatest height 
of what was left of the columns above the bed plate on the star- 


* One of the bed plates of the City of New York was being patched at this time. 
The crack extended from the bearing down about 3 feet and opened } inch at the 
bottom. In the vicinity of the crack on the lower flange 3 holding-down bolts were 
shorn off. It was, therefore, a crack due to internal stress. 
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board side, was 16 inches, and on the port side about 24. Crank 
pins and brasses were in good order, except that the cranks were 
twisted $ inch forward on the shaft. Only the lower part of the 
thrust bearing was left, and that was badly damaged. The con- 
denser presented a terrible appearance. The part xx (Fig. 3) for 
a length of about 5 fect, was smashed off, the tubes flattened to 
the thickness of a table knife. Besides the holes already men- 
tioned, the fore-and-aft bulkhead showed many other damaged 
places, ¢. g., a zig-zag rent behind the Z-iron stiffener and nearly 
covered by it. This rent was inaccessible, and even if it had been 
possible (after the accident) to close up the two 12-inch holes, 
the water would still have found its way through this rent. The 
water rushed into the starboard engine room immediately after 
the condenser was damaged, not only through this and the 15 
and 24-inch sea connections of the circulating pump (both of 
which were, according to the Admiralty requirements, below the 
water line) and other sea connections, but also in three other 
places below the engine foundation. 

Beneath the low-pressure crank is a 3-inch plate, covering the 
top of the foundation, and forming the bottom of the crank pit, 
the bed plate resting upon it. There wasa hole in this plate about 
12 inches diameter, caused no doubt by a piece getting beneath 
the crank shaft, and being driven below, piercing the upper 
plates of the double bottom. The outboard openings being from 
16 to 21 feet below the water line, the engine room must have 
filled very rapidly. The flange a’ (Fig. 3), 2 by 8 inches, was 
entirely missing on the I.P. cylinder, even the 2-inch connecting 
rib being broken off. Besides this, several cast facings on the 
columns were missing, the reversing shaft and hand-gear brack- 
ets were broken off, as also the lugs 4 (Fig. 3) for the side tie 
rods, etc. That all pipe connections between the I.P. and the 
L.P. cylinders were broken is self evident. 

The total damage estimated by the Inman Line is about 
£100,000. For towage alone, the Admiralty Court of London 
allowed the Aldersgate £7,500 and the Okio £600. The original 
cost of the City of Paris was over £350,000. 
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VII. 


A short criticism of the engines may now be in place. As re- 
gards design, the piston valves of the L.P. cylinder have already 
been mentioned under II. If slide valves had been used, as most 
designers rightly do for the L.P. cylinder, the clearance would 
have been about g instead of [5 per cent., and the compression 
would have been twice as great. In using the ordinary link 
with two eccentrics the engines occupy about 5 feet 6 inches 
more space than would be required with Joy or other similar 
gear with one eccentric. By putting the eccentrics on the shaft 
couplings instead of on the shaft, they have to be made about 15 
inches larger in diameter than in the latter case. Therefore, an 
appreciable amount of work is lost by friction on the six eccen- 
trics. 

Figs. 13 to 15 are indicator diagrams taken on May 5, 1889, 
during a fast voyage, with 19,900 I.H.P. The combined diagram, 
Fig. 16, shows no deviation from other triple-expansion engines, 
as, for example, those of the Meteor of 3,000 I.H.P., tried by an 
English commission. 

The exhaust of the auxiliary machinery, amounting to 250 
I.H.P., is hardly appreciable in the upper line of the L.P. dia- 
gram. (With this arrangement the pressure of the exhaust steam 
of the auxiliary machinery is about 12 pounds above the atmos- 
phere, and all exhaust pipes are to be considered as receiver 
spaces of the L.P. cylinder.) The clearance assumed in Fig. 16 
will differ little from the actual. Mr. Thom, the inventor of the 
much-used compression slide valve, whom I met in the office of 
the Inman Line, estimates the lower clearance space of the L.P. 
cylinder at 20 per cent. Under such conditions it is impossible 
to get the necessary compression for the smooth running of an 
engine. The distribution of the steam with four piston valves is 
therefore in no case to be recommended as an improvement. As 
the diagrams show, the steam follows very far—.75 in the L.P.— 
and the compression hardly averages 11 per cent. (Upon in- 
quiring if an earlier cut-off had been tried, so as to get greater 
compression, chief engineer Walls answered that the greatest 
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power was obtained with a late cut-off, and that he didn’t care 
anything about compression.) 

The indicator diagram shows what takes place inside the cylin- 
der, but is far from giving a picture of the actual pressures trans- 
mitted to the crank pin. To construct these diagrams, ¢. g. Fig. 
15a, first draw in on the diagram in question the lower line of 
the opposite end of the cylinder, and then set off from a horizon- 
tal line the diagram thus obtained, so that it assumes the shape 
abcde, in which, under certain conditions, the part de falls below 
the line ae, and is therefore negative. The acceleration curve is 
then drawn so that the neutral line falls on ae. The upper part 
of the curve aa’ cuts off the unshaded portion of the indicator 
diagram, while the lower part increases its area. 

The average pressure of acceleration, 2. ¢., the line ea is equal to 
0.00034 WX n* Xr 

piston and crosshead, in pounds; x, the number of revolu- 
tions per minute; 7, the radius of the crank shaft in feet; ¥, the 
piston area in square inches. The ordinates of the curve a’a’ 
(for connecting rods having a length of four cranks) are easily 
obtained from the auxiliary diagram in Rigg’s Treatise on the 
Steam Engine, p. 274, which diagram can be used for connecting 
rods having a length of three cranks. 

In these diagrams the horizontal-section lined surfaces repre- 
sent positive, and the vertical negative work, z.¢., work such that 
the rods, together with piston and crosshead, must be moved by 
the rotating masses of the engine or by the other cylinders. By 
constructing the diagrams in this manner the upper line of the 
indicator diagram remains unchanged, so that one can see at a 
glance how the diagram of acceleration can be improved by in- 
creasing the initial pressure, by varying the point of cut off, by 
throttling, or by changing the exhaust lead and compression. 
(The usual method of drawing the acceleration-pressure diagram 
is to let the neutral line of the curve a’a’ be tangent to the high- 
est point of theindicator diagram. The point here is totally lost, 
as for every change of the above factors a new diagram must be 
drawn. Furthermore, the drawing becomes very minute, and the 
result is a distorted and artificial diagram. 


»in which VW is the total weight of the rods, 
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A glance at Figs. 13a to 15a shows that on the down stroke 
of all three cylinders the crank must cover the distance from 
the dead centers a to K before the steam pressure can overcome 
the pressure of acceleration ; consequently one repeated change 
of pressure takes place in the connecting rod brasses, so great 
indeed that during one revolution the pressure on the brasses is 
changed three times, or nine times for all three crank pins The 
result is a variable thrusting motion under which all bearings 
and guide surfaces must suffer. 

An improvement of the diagrams that gives a uniform and 
easy motion, could only be obtained by makinz extensive 
alterations, lightening the rods, giving greater compression, ear- 
lier cut-off, and change of crank-pin velocity. All diagrams are 
drawn for 89 revolutions per minute. Diagrams with a lower 
crank-pin velocity (of late the engines have been making from 
82 to 84 revolutions) show no improvement over 13a to 15a, 
because if the curve aa descends, the initial pressure becomes 
less. I have no diagrams of the engine running without load 
(equivalent to engine racing). I tried to construct them on the 
assumption that the mean pressure would be about 15 per cent. 
of the normal performance. They are not given on account of 
the enormous pressure of acceleration at 180 revolutions, and 
could not be drawn within the limits of Figs. 13a to 15a, as an 
entirely different construction would have to be selected for 
them in order to give a clear idea of what takes place. 

It may be observed that at 200 revolutions the terminal pres- 
sure of acceleration on the up stroke of the H.P. cylinder is 
1,010,746 pounds, on the I.P., 1,167,540, and on the L.P. 1,446,- 
940. According to the latter there would be a stress on the 
bolts of the lower end of the connecting rod (about 33 sq. in. in 
section) of about 21,582 pounds per square inch, which almost 
reaches the elastic limit. As they did not break, it must be ac- 
cepted that the destruction of the engine took place at less than 
200 revolutions, the more so as in this condition not less than 
nine changes of pressure of great intensity took place during 
each revolution. 

Figs. 136 to 154 represent the tangential pressures on the crank- 
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pin considering the length of the connecting rod, the pressure of 
acceleration, etc. 

In Fig. 154 the outer dotted line shows the three tangential 
pressures combined. From this it will be seen that the pres- 
sure varies during each revolution from 100 (p) to 225(P). And 
the fact that the weight of the rods is far from being balanced is 
not taken into account. (And here the change of pressure 
curves into perfect constant ones is remarkable compared with 
the wide variations of pressure in Figs. 13a to 15a, because the 
pressures at the ends of the latter are wholly within the bearing 
on the tangential diagram.) The nine changes of pressure for 
each revolution are shown at K in Fig. 154. 

These investigations lead further to this conclusion that the 
principle hitherto held of making the rods of all the cylinders 
of the same diameter is an assailable one. The principle of sim- 
ilar spare parts is, in my opinion, correct only for coupled en- 
gines having the same size cylinders; it is not even suitable for 
compound engines, because the principle of distributing the 
entire work of the engines equally between all cylinders is not 
possible, and it is entirely wrong for triple-expansion engines. 
To what condition this principle leads, can be seen on the City 
of Paris, where at the maximum performance of the engine (Figs. 
13 to 15) the stresses on the 10-inch piston rods for the H.P., 
I.P., and L.P. cylinders were 1,390.6, 1,589.2 and 1,901.4 pounds 
per square inch, respectively. The average weight of the re- 
ciprocating parts of stationary engines with the necessary com- 
pression is about 4.0 pounds per square inch of piston area, while 
on the City of Paris it was 3.40 pounds on the L.P., and 7.09 on 
the I.P., while on the H.P. it was as high as 15.32 pounds. 

The engine weights in tons, according to Thomson’s state- 


ment, were for each engine: 


Piston, 1.15 2.45 5.50 

Piston rod, crosshead and slipper, 4.00 4.00 ' 100} 15.3 
Connecting rod, 5.8 5.8 

Crank shaft, . ; : . 14.00 14.00 14.00 *2.26 
Bed plate, . ‘ ; ; . 16.00 16.00 16.00 
Columns (two), . , ‘ . 14.00 14.00 14.00 


*Cranks alone for one cylinder, 
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The proportion of the cylinders cannot be called good. The 
best performance for the H. P. cylinder was 2,822, I.H.P., that of 
the LP., 3,228, and that of the L.P., 3,900, or in the proportion 
of 72, 83 and 100. The voyages give results differing little 
from the following : 


August, 1889, Nov. 1889, 

revs. August, 1889. 87 
2,440= 68 2,523 = 72 2,688 = 74 
: 3,006 = 83 2,611= 74 2,923 = 80 
| a : 3,595 = 100 3,512 = 100 3,648 = 100 


In every case the L.P. cylinder developed about 1,000 I.H.P. 
more than the H.P. 

The design of the steam jackets is a very imperfect one, in 
that they are carried only around the barrel of the cylinders, 
and not over the covers and’ bottom, and that the drainage de- 
pends entirely upon the engineer. This is of vital importance 
to the L.P. cylinder, for had the cover and bottom been jacketed 
the terminal pressure in compression would have been much 
higher, and the advantages resulting therefrom would have been 
obtained. 

As regards workmanship, I found it externally, at least, very 
good. The H.P. valve chest was bolted to the cylinder, but the 
others were cast with the cylinders, and as far as I could learn— 
at any rate, on the L.P.—they were without valve liners. The 
valves have cast-iron packing and spring rings. I saw one of the 
valves of the port engine—the rings were black and showed little 
wear. 

As regards material, it has already been mentioned under VI. 
The total weight of steel castings for both engines was 450 tons. 
All cast steel parts that came up for discussion were full of false 
stresses ; this may also be assumed for the L.P. piston (Fig. 6), 
in which the distribution of material was very unequal. More 
than half of all the metal was near the hub and close to the cir- 
cumference, and these parts must have cooled off much later 
than the conical body of the piston. The average thickness of 
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the conical part was only about 7, the diameter of the L.P. cyl- 
inder. For a number of pistons for the latest war vessels of the 
United States Navy this value is ,;; and on one of the latest 
vessels by Laird Brothers, »;. Considering that during the 
racing of the engine the springs between the rings probably broke 
or were mashed flat, and that the cast-iron packing rings, weigh- 
ing 1,650 pounds, acted like a hammer on the circumference of 
the piston, and in the same direction and at the same dead cen- 
ter as the moment of inertia of the mass of the piston, then, if 
the slightest amount of false stress was added to this, the piston 
had to break. 

VIII. 


We now come to the probable causes of the accident on March 
25, 1890. 

The cause of the racing was the breaking of the propeller shaft. 
Under V, I tried to show that the causes accepted by the experts 
of the Court in explanation of this break were insufficient. The 
true and very simple cause, in my opinion, is borne out by the 
following considerations : tha. 

During the night of April 11, when beth-propellerg fell into 
the dock, the coupling flange of the 42-foot section of outboard 
shafting was broken half off (see Figs. 7 and 9). 

The casing from which the rivets had partly been removed 
broke first, being no longer able to support the weight of the 
shaft on the lower side. As the forward end of the shaft in- 
clined aft during the fall, the large strut bearing broke (Figs. 
7 and 8), and then the after end with propeller fell down. The 
height of the fall of the forward end of the shaft was about 16 
feet, and that of the propeller, before the blades touched the 
bottom, 7 feet. 

Now as the shafts tumbled into the dock—the total weight of 
both and of the propeller was 46 tons—the pressure exerted on 
the flange connection during the shock was an equal one; that 
is, each flange received an equal amount of the impact. If both 
flanges were equally strong (and they were) and sound, and if 
the force of impact did not reach the breaking strength of the 
22 
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metal, then both flanges must have remained uninjured; in the 
other case they would have broken. But this was not the case. 
On the flange of the propeller shaft I found not the slightest 
fracture ; it stood exactly at right angles to the shaft, at least as 
far as it was possible to judge with the eye, while the flange of 
the outboard shafting only, was completely broken, as shown in 
Figs. 8 and 9. This fracture could only have been the exten- 
sion of a smaller fracture before the shaft fell, and no doubt 
dates back long before January 6, when the first appreciable 
wear of the lignum vite in the bearing was discovered. In con- 
sequence of this defective flange, the shaft could not revolve cen- 
trally in the bearing. 

Several experts like Ramsay and Sir Reed acknowledged that 
the rapid wear of the bearing could only be explained upon the 
assumption that the shaft did not run true, but that this was not 
to be considered, without, however, endeavoring to prove its 
“ impossibility.” ‘ 

The outboard shaft was a heavy and an exceptionally long 
piece. Ifthe metal was poured in where the broken flange was, 
and more had to be poured in afterwards, an incomplete place 
could have easily formed, which growing weaker would eventually 
result in a fracture. At any rate, the weak place would have been 
noticed by fine flaws if the shaft had been taken out in January. 
And as the rapid wear of the beari.ig must have told every one 
that an unusual cause was active here, it was therefore thought- 
lessness of all concerned not to look until it was found. 

What a condition the bearing was in when the shaft broke, 
naturally can not now be ascertained. After the lignum vite 
was once gone, the shaft became very much inclined and the 
bearing surface in this state was considerably reduced, so that 
the pressure on the bearing was increased from 46.8 to 142 
pounds per square inch, and had the voyage only lasted a few 
hours longer, then not only would the shaft have broken, but 
the cast-steel strut bearing would have gone to the bottom. 

Here we see further carelessness. If a propeller shaft bear- 
ing is worn, say } to 3°, inch, on a shaft of about 10 inches di- 
ameter, then every attentive engineer must notice it. The stern 
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tube shaft turns unevenly, runs warm, and requires a great 
amount of cooling water. These are such unmistakable signs 
that even during the proceedings of the Court onnprinn was ex- 
pressed that nothing like this was noticed. 

With a vessel with two screws, and being in a position to com- 
pare the motions of the two propeller shafts so as to detect pos- 
sible differences, it is doubly unpardonable that not one of the 
nineteen engineers of the Czty of Paris noticed anything sus- 
picious. 

How did it happen that the L.P. engine, after the breaking of 
the main shaft, could have been so completely demolished in 
such a short time? The finding of the Court was that on ac- 
count of the great speed of the engine while racing, the exten- 
sion of the piston and connecting rods exceeded the }-inch 
clearance between the piston and the cylinder cover, and that 
consequently the latter and the piston were demolished, and that 
the rest must have followed as a matter of course. Assuming a 
compression pressure of 34 tons—corresponding to the diagrams 
Figs. 13 and 15—and 15 tons for the total weight of the recipro- 
cating parts, the engine would reach more than 500 revolutions 
per minute before the extension would amount to } inch, and as 
the compression during racing was not known (in any case it 
was not greater than shown in Fig. 15) this theory is out of the 
question. 

That it could not have been excess of compression that was 
the cause of the cylinder cover being knocked out, I have already 
shown, and a further argument against this assumption can be 
added that the cover was not jacketed, and that the compres- 
sion could not, therefore, have reached an excessive pressure. 

Several articles in the ‘“ Engineer” and “ Engineering” assume 
that on account of the moment of inertia of the piston, etc., on 
the up-stroke the bearing bolts broke first; but the two bolts in 
the lower end of the connecting rod would have to break first, as 
they had to resist the same pressure as the bearing bolts. All 
six bolts were 54 inches in diameter; therefore, the connecting- 
rod bolts were subjected to twice the pressure per square inch 
that the bearing bolts were, yet they were uninjured. 
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Others look for the cause in the patched columns. It is im- 
possible to see where the power could come from to destroy the 
two columns by compression or tension, unless a piston break 
were assumed. The cross section of these columns at the lower 
end, near the feet, was at least eleven times, and near the top, at 
the weakest point, at least six times as great as the lower 
(threaded) end of the piston rod. Another opinion was to the 
effect that during racing the boilers must have foamed, and that 
the destruction of the L.P. cylinder was due to water. Disre- 
garding the fact that, on account of the large volume of steam in 
the main steam pipe, this water from the boiler could not have 
reached the engine during the few seconds of racing preceding 
its destruction, it is incomprehensible that the H.P. cylinder, 
which was also fitted with a piston valve, did not break first. A 
valve of this type is known to be dangerous in a case of this 
kind, because it cannot be raised from its seat like a slide valve, 
and the relief valves are, in such cases, entirely inadequate. 

As a result of my investigation, based solely on facts, I have 
reached the following explanation : 

As the engine began to race immediately after the inevitable 
break of the propeller shaft, it must, after a few seconds, have 
attained a velocity where the piston had to break. At the maxi- 
mum this must have been about 200 revolutions per minute, but 
only for a few revolutions, as the oiler, Cunningham, after clean- 
ing the piston rod, had not noticed anything, and had made 
only a few steps when pieces of the cylinder flew up. The cover 
itself did not fall down until the cylinder fell, as was stated in the 
findings of the Liverpool Court; for this cover could only have 
found its way down through platform III, the greater part of 
which it would have taken along with it. But this platform was 
still intact when the first photograph was taken, only a small 
piece of it being missing, and this the piece which during the 
fall was in the way of the 24-inch steam nozzle on the L.P. cylin- 
der, so that it was carried along. 

Then the cover was not found alongside the engine, as might 
have been expected, if it had fallen defore the cylinder did— 
somewhere near the fore-and-aft bulkhead—but way below, partly 
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in the crank pit among the cylinder fragments. Possibly, or 
probably the first piece of the piston flew upwards and lodged 
between the cover and the portion of the piston still secured to 
the rod. Then the piston would have broken immediately, for 
which the recess in the cylinder bottom (Fig. 6), 24 inches diam- 
ter and 2} inches deep, would have acted as if made for the pur- 
pose, like a reservoir of destruction. If the piston-rod flange 
should have struck a piece here, only the size of the hand, on 
the next down stroke the bottom of the cylinder must have been 
knocked out. To do so would have required very little power, 
as the material was cast iron, and the power was already enor- 
mous, due to the speed of the engine. (To imagine the extraor- 
dinary circumstances attending this occurrence, we must keep 
in view the usual method of securing the piston with a single nut 
and tapered rodend. Here the nut is very small, often no larger 
than the lower cylindrical portion of the rod. If, with this 
method of securing, no part of the hub remains on the taper, 
then the fragments remain quietly on the bottom, and the mov- 
ing piston rod can find its way through them without resistance.) 

If now a piece of the cylinder bottom should get between one 
of the upper bearings of the connecting rod and the crosshead 
slipper, the cylinder would tumble down the next moment, be- 
cause the connecting rod would then become a means of des- 
truction of the worst kind. 

During oscillation, the upper ends of the connecting rod des- 
cribe about the crosshead pins in a horizontal direction a dis- 
tance of 54 inches, and this occurs twice in a different direction 
in every revolution. If anything gets between the end of the 
rod and the crosshead, the connecting rod then acts like a bell 
crank. The lower connecting-rod end turned by the full power 
of the H.P. and I.P. cylinders, which continue to work ahead 
with more than 5,000 I.H.P. (because the total power of these 
two cylinders working with the maximum piston speed at this 
moment is liberated for the purpose) and describes in the mid 
position (Fig. 3) the total crank path, whereas the upper end of 
the rod is very nearly at rest. It follows from this that an en- 
ormous pressure is put upon the crosshead, and that it must 
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yield to it at once; but if the crosshead is broken then this pres- 
sure is immediately transferred to the columns, and to both at 
the same time, and of such intensity that no material or construc- 
tion can resist it. It is thus quite possible that both columns not 
only broke at the same moment, but that the pressure trans- 
mitted to the feet of the cylinders broke them, or at any rate 
started the four longitudinal fractures. Such a case cannot hap- 
pen with the other arrangement of the guides, where the guide 
is only on one side, as a body falling down from above can find 
no hold, while the crosshead can generally have no side motion, 
so that a squeezing can not happen as in the case of the engine 
of the City of Paris. 

That the connecting rod really acted in the manner described 
is shown by the bending of the rod to starboard (Fig. 3, in which 
the direction of the motion of the cranks for the forward motion 
is drawn); and whether the fragments fell to the right or the 
left of the crosshead, the result would have been the same. Of 
course this bending could also have been caused by the connect- 
ing rod striking something on the starboard side; but then a 
large impression would have been found on the concave side of 
the bend near the center, which was not the case; or the bear- 
ing caps might have been skewed against some obstacle. Here 
the result would have been seen on the bolts; but these were, as far 
as I could see, not much damaged. After the cylinder tumbled, 
the connecting rod fell towards the condenser, while the piston 
rod fell backwards towards the shaft. The reversing and air- 
pump shafts served as supports for the connecting rod. If it had 
been working towards the side of the bulkhead, the latter would 
have been entirely broken through on a level with platform I, 
whereas the damage to the condenser corresponds to the ex- 
treme position of the connecting rod to starboard. 

The cylinder could not have fallen in the direction of its axis 
produced, as it was connected to the I.P. cylinder and the engine- 
room bulkheads, etc., in the following manner (see Figs. 3, 
4 and 5): Towards the side of the fore-and-aft bulkhead by 
the stays /, receiver steam pipe w, the connecting bolt 4, one of 
the small beams 7, steam pipe 4, and by two large exhaust pipes 
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and the reversing shaft 7, which was connected to the cylinders 
by two bearings. The connections on the fore-and-aft bulkhead 
side could have been more easily broken than those towards the 
condenser, where first the two bearings and the large reversing- 
shaft bearing bracket on the columns of the I.P. cylinder had to 
break, and the falling cylinder make a turn; therefore, no doubt 
the flange a of the I.P. cylinder (towards the condenser) broke, 
and the two large cylinder fragments struck in such a way that 
the upper end of the axis fell towards the fore-and-aft bulkhead, 
and this agrees with the photograph. 

The fragments of the columns were found somewhere near the 
center of the heap, between the two large pieces of the cylinder, 
mixed up with the fragments of the cylinder liner. The columns, 
therefore, fell vertically with the cylinder. The lower portions 
were probably broken off by the falling cylinder. 

After the connecting rod continued its work of destruction for 
a short time a shock followed, causing the whole vessel to trem- 
ble, and everything then became quiet. The crank was found 
on the upper dead center, wedged tight by fragments. These 
finally got between the cranks and the bottom of the crank pit, 
and this caused the shock by which the line shafting, beginning 
at the L.P. cylinder, was raised up as far as the stern tube stuff- 
ing box, breaking all bearing caps on this line. That the shaft 
was raised 5{ inches near the engine could be seen on the bulk- 
heads through which the shaft goes near the thrust bearing, and 
at the entrance to the shaft alley. This }-inch plating was rolled 
up toa height of from 4# to 7 inches, and the openings thus made 
caused the dynamo room and the shaft alley to fill with water. 
How much the shaft was raised at the bearing near the stuffing 
box could not beascertained. The length of the shaft thus lifted 
was over 98 feet, and weighed about 55 tons. To lift it eight bear- 
ing caps and their bolts had to give way, the two large caps with 
ten horseshoes on the thrust bearing be broken, the stuffing box 
split, and the 3-inch plate of two water-tight bulkheads had to 
be rolled up from 4? to 7 inches; and besides this, there was 
enough power left to pierce a hole about 12 inches diameter 
below the crank in the -inch plate of the foundation and to twist 
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the cranks about } inch around the shaft! And all this without 
any appreciable swinging moment being present in proportion 
to the work done by the H.P. and I.P. cylinders, as only the 
shaft with the three cranks came into consideration. Injury to 
the vessel itself was only averted by the extraordinarily strong 
foundation. The nicks on the outer crank hubs were large, 
but not in proportion to the power applied to the raising of the 
shaft, etc. 

Briefly, the occurrence would have been about as follows : 
10 to 20 revolutions after the breaking of the shaft sufficed to 
bring about the destruction of the piston. When Cunningham 
saw pieces flying around, the bottom of the cylinder had prob- 
ably been knocked out and the engine room filled with steam. 
The connecting rod acted like a bell crank during several revo- 
lutions on the falling pieces from above, pressed several pieces 
of the columns out, hurled them against the bulkhead and pierced 
it. (The piston rod could not possibly have done this.) The 
thin, but very hard and, superficially, very elastic material of the 
columns was well suited to such a process. After the columns 
had been thus broken in numerous pieces, the cylinder being 
also cracked in the direction of its axis, then a sufficiently large 
piece of the cylinder bottom fell on the crosshead, and the cylin- 
der, cover and the already broken columns, fell together, and the 
cylinder cover, now badly damaged and with flange broken 
off, fell through the cylinder fragments to the bottom, while the 
connecting rod fell to starboard and remained there to the end. 
The other damage is to be explained by the play of the connect- 
ing and piston rods. The crank pit soon became filled with 
fragments, one of which, acting like a wedge, found its way into 
the clearance space between the cranks and the foundation, and 
thus caused the raising of the shaft,etc. Further turning of the 
shaft was prevented by the fragments, which filled the crank pit. 
With the condenser were destroyed all the large sea connections 
of the centrifugal pumps, and the water poured into the star- 
board engine room in great streams. It appears that the water- 
tight doors of this room (one in the center bulkhead and one 
leading to the dynamo room) were closed a few minutes later, 


ACCIDENT TO THE CITY OF PARIS. 329 


after the starboard engine stopped, but the water found its way 
_to the dynamo room and shaft alley through the opening which 
was made by the shaft when lifted, and to the port engine room 
through three large holes in the bulkhead, as well as from below, 
so that the port engine room was soon filled with water, while 
compartments Nos. 10, 11 and 12 were flooded by the suction 
pipes of the bilge pumps leading there, and which were not ar- 
ranged for shutting off. 

The evidence of this, that everything had to happen in this 
way, is furnished partly by the numerous large photographs 
which were shown to me by the Inman Co. Copies of two of 
them can be seen in “ The Engineer” and in “ Engineering,” but 
they do not compare in size nor in accuracy with the originals. 


IX. 


Catastrophes seldom or never originate from a single or a sim- 
ple cause, but when a number of unfavorable circumstances unite 
in one and the same direction and at the same moment. So it 
was here: faulty design, bad material and carelessness combined 
in a work of destruction the like of which was never seen before, 
and came very near sacrificing one of the most costly vessels and 
a thousand human lives. 

It was great carelessness (1) not to take out the shaft while 

‘repairing in dock, so as to find the cause of the first abnormal 
wear on the bearing; (2) not to notice that the shaft, after the 
second wearing off, must have run unevenly and got warm long 
before the break occurred, and, greatest of all (3), that, as far as 
can be gathered from the proceedings of the Court, nobody was 
at the engineer’s station during the racing of the engine. 

It was faulty design (4) in having the shaft bearings so far 
apart, and (5) in having an abnormal pressure on the lignum 
vite ; (6) in not having a governor on the engine; (7) in having 
so little compression, owing to the bad arrangement of the valves, 
and (8) the proportions of the L.P. piston were insufficient. 

Finally, what can be charged to insufficient material is that (9) 
the strut bearing was rapidly worn off, possibly on account of the 
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imperfect condition of the propeller shaft, and (10) that the break- 
ing of the piston occurred very rapidly. 

And to this must be added the unfortunate piston-rod flange, 
which acted like a steam hammer on the bottom of the cylinder; 
and then the kind of guides and connecting rod, which, at the 
moment the cylinder broke, acted as a further means of destruc- 
tion of the worst kind; and, to fill the measure, night came on 
and three large uninjured compartments filled with water, because 
the suction pipes of the destroyed bilge pump leading thereto 
were without means for shutting them off. 

The accusations are so great that I feel it my duty to quote 
the proof of the evidence on which I base them, so that as far as 
possible it can be verified. 

1. The proceedings of the Court, which I found most com- 
plete in the “Journal of Commerce” and the “ Liverpool Daily 
Post” from June 16 to 25, 1890, one supplementing the other in 
many points. 

The striking irregularities which came to light through the 
evidence of the engineers, and which have already been men- 
tioned (under IV), were, as far as could be seen from the record, 
passed over without any action on the part of the Court. Mc- 
Laren, who, instead of being on watch, was drinking tea, was 
heard without a word of censure. 

If the sole problem of the Court was to ascertain if any person 
was culpable or not, those versed in law must decide. But the 
world expected that the cause of the accident would be cleared 
up by the Court, so that similar ones might be avoided in future. 
A true and comprehensive examination would have given valu- 
able results on the behavior of the different materials and parts, 
as respects strains of such various natures as occurred during 
the accident, and it is to be regretted that this was neglected. 

2. My own examination on board the vessel, in Laird’s boiler 
shop, in the drydock and on the quays at Birkenhead, where the 
broken shafts were lying, etc. The large photographs already 
mentioned were of great value to me. 

3. Communications from Mr. C. Busley, who arrived in Liver- 
pool a day ahead of me, and who saw and ascertained many 
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things that I missed, gave me valuable hints in regard to the 
inspection. 

The drawings, Figs. I to 5, are from dimensions and sketches 
which I made, and partly determined by the aid of the perspec- 
tive views in “ Engineering.” Many dimensions were also given 
during the proceedings of the Court. 


X. 


What should be done to prevent such accidents has already 
been pointed out. It might be well, however, to define the 
meaning of racing. A marine engine often races without becom- 
ing disabled, but it does not follow that the speed of an engine 
can be increased indefinitely. In the first place it is limited by 
the area of the steam ports; with increasing speed, the upper 
line of the indicator diagram falls (from wire drawing) and the 
lower line rises (from increasing back pressure) until the area of 
the diagram becomes equal to the work of friction, upon which 
permanency sets in, the duration of which is governed by the 
capacity of the boilers to supply steam. 

This permanency, that is the maximum speed of the engines, 
naturally takes place earlier on older engines with low piston 
speeds and small port areas than on those of high piston speed 
and large port areas; that is, all conditions being equal, an 
engine with small port areas can not attain such a high velocity 
during racing as one with large ports. It therefore follows that, 
in high-speed engines, the reciprocating parts, on account of the 
larger friction surfaces necessary, shocks, etc., must be more 
heavily designed than in slow-speed engines, and thus the pres- 
sure of acceleration per horse power for these parts becomes 
much greater. And since the clearance also is greater on account 
of the larger steam ports, the compression is, therefore, less than 
on slow-speed engines ; it is clear then, that the danger in case 
of racing in the former must be greater than in.the latter. This 
all has special reference to the L.P. cylinder, where the compres- 
sion on marine engines is generally too small. And that is why 
most breaks occur to them. The H.P. and I.P. cylinders are less 
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subject to danger, because, on account of the high back pressure, 
the compression reaches a terminal pressure which almost equals 
that in the valve chest. Then again the weight of reciprocating 
parts per unit of piston area and horse power is greater than in 
the L.P. cylinder; and surely the tail rods on the City of Paris 
were not cut off for the reason given to me, but mainly to reduce 
the weight of the piston rods (about one ton for both engines) 
so that the motion of the engine would be a steady one, and it 
is also to be noted that the engine had to make from 82 to 90 
revolutions, instead of the proposed 75. 

The condition of a quiet motion of the L.P. engine, free from 
shocks, can only be obtained by compression when the cut-off 
varies from 0.5 to 0.75, and the initial pressure is only 1.5 atmos- 
pheres. If this can not be brought up to the necessary pressure, 
then the piston and connecting rods must be made hollow. By 
using the simple separated flat slide valves the clearance would 
be reduced—even for 900 feet piston speed—from 6 to 7 per cent., 
and this would still do for a cut-off of 0.75 with the ordinary 
link motion, so as to bring the compression pressure up to the 
valve-chest pressure. This can not be obtained with piston 
valves, especially if four piston valves are used, as on the L.P. 
cylinder of the C7ty of Paris; these, then, should be discarded, 
and be fitted only to the H.P. cylinder. 

The piston, especially of the L.P., is now generally built as 
a single-walled conical body of cast steel; but the distribution 
of the material must be such that no false stresses remain in 
the casting after it has cooled off. 

How a piston should not be made is shown in Fig. 6. On 
the pistons of the United States war vessels, Laird’s and others, 
the mass of the metal is in the conical body; hub and rim for 
the packing (simple, light steel rings, with self-acting springs, as 
on locomotive pistons) have very little material. For securing 
the piston to the rod the simple taper with nut is sufficient under 
all circumstances. Connection by means of a flange, as on the 
City of Paris, is much heavier, more costly,and is besides dan- 
gerous. All pistons that I know of on high-speed engines from 
first-class firms have the taper and nut. 
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Of the necessity for a good governor on high-speed engines, 
and for the utmost discipline among the engineers, to the end 
that any man intended for the position of engineer on fast steam- 
ers should not leave his post for a moment, no further words 
need be wasted. ; 

As a loosening of the connections between piston rod, cross- 
head and connecting rod is not impossible even on the best of 
engines, provision should be made in the design of new engines 
so that such parts as sea valves, bilge pumps, etc., whose des- 
truction might place the engine room under water, should not 
be placed in the line of flight of the connecting rod. These sea 
connections should also be made so that they can be closed 
from the main deck, and it is self-evident that all the other water- 
tight compartments of the ship should either be connected with 
their own pumps, or that the bilge suction pipes leading to them 
should have absolutely reliable means for shutting them off 
(check valves), which, to judge by the record of the Court, was 
not the case in this instance. 
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TURNING EFFORT ON CRANK SHAFT. 


PRACTICAL APPLICATION OF FORMUL FOR 
FINDING THE TURNING EFFORT ON THE 
CRANK SHAFT OF AN ENGINE. 


By Passep AssISTANT ENGINEER B. C. Bryan, U. S. Navy. 


[Read at the annual meeting. ] 


The object of this paper is first to reduce to a convenient form 
for practical application the various terms entering into the cal- 
culation of the turning effort on the crank shafts of high-speed 
engines. Nothing new is claimed for the methods employed in 
this part of the paper, and most of the work has been done, at 
various times, by Passed Assistant Engineer F. H. Bailey, U. S. 
Navy, and others. Second, to call attention to a practical way 
of applying these results for finding the turning moments of an 
engine. 


I. FoRMULAE. 


We will consider the parts as all reciprocating in straight lines 
like the piston, crosshead and piston rod. The connecting rod 
will not reciprocate exactly in this way, but for nearly all practi- 
cal purposes it may be taken as above, the average error being 
less than one per cent. 

Let S =the unbalanced steam pressure on the piston = area 
of the piston (A) X the steam pressure per square inch at any 
point. 

s = length of stroke in feet. 


a = length of crank =<. 


W = weight of reciprocating parts (piston, piston rod, cross- 
head and connecting rod) in pounds. 
R= revolutions per minute. 


W 
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@ and g = angles made by the crank and the connecting rods 
with the axis of motion of the piston, measured as shown in Fig. 
I. 
= length of connecting rod, in feet. 


b 
6 
a 


=— =2=length of connecting rod divided by length of 


crank arm. 
P, = total inertia pressure, or a pressure sufficient to either re- 
tard or accelerate the piston at the required speed at any point. 


A= # = inertia pressure per square inch on piston. 
£ = gravity = 32. 


x = distanée from center of crosshead pin to center of engine 
shaft. 


Now, the moment on the shaft at any point will consist of the 
moment produced by the steam plus that produced by the 
inertia, 

= M, plus M, = ™. (1) 

But J, will be equal to the total unbalanced steam pressure 
S resolved into its direction on the connecting rod, and multi- 
plied by the perpendicular to its direction from the center of the 
shaft. Resolving this force along the rod, we have the force on 
the rod producing two forces—one the pressure on the slides, 
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and the other the force in the direction of the piston; or in other 
words, the force along the rod < cos g = S, or force along the 
rod will be S sec ¢, and its arm will be the perpendicular OF = 


OC sin OCE= = sin (0 + ¢). 


M,=Ss (0 +9) sec (2) 


In considering the inertia, x representing the distance from 
the center of the crosshead pin to the center of the engine shaft 
at any time, dx will represent the velocity of the piston at any 
point x, d*x the acceleration at the same point, and d@ the angu- 
lar velocity of the crank, which is assumed as constant. 

From the above figure, we readily see that 


¢, (3) 
also asin sin ¢, or sing = sin 0. 


Squaring both sides, and subtracting from (1) 


2 
I—sin’g= —§ sin? 


Clearing of fractions and extracting the square root, 


bcos g= — sin’ a. 


Substituting in (3), we have 
— sin? 0. 
Differentiating, 
dx = 


sin 4 cos 


V sin? 
‘ in 4 cos 0 

+ sin cos } 0. 
[sin 


Differentiating again, and remembering that d@ is constant, 


acos? — sin? a’ sin’ cos’ @ ] 


@x=—a [ cos + 


. 
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Now force equals acceleration multiplied by weight and divided 


P, 


W W 
by gravity, or P, = d*x and 7; a*x 


d# = velocity of crank pin in feet per second divided by the 
radius of crank circle. 
The crank pin travels 27a = zs for each revolution. . 
The piston travels 4a for each revolution. 


R 
R= revolutions per minute, —* revolutions per second. 


ms XR = velocity of crank pin in feet per second. 


60 
dp 2 
30 


Multiplying both members of equation (4) by ma and substi- 


tuting for its value, and for its value or and 


have 


W cos*@ —sin?@ sin? @ cos? 
Now M,= fp; X AX S sec ¢ X arm OE, as before ; 
M,=p;X AX substituting in (5) ° 


cos? #—sin?@ sin? 0 cos? 
(x? — sin? (nx? —sin* 6)! 

WR's*x? 

115,200 (6) 


M,=— cos + 


sin (6 + ¢) sec 


The total moment of the shaft will be (adding (2) and (6)) 
M=M,+M, 


(0 +2) sec 4+. WRs? ~ sin. (0 + sec ¢ 


6 
x 115,200 x [cos + 


cos? #—sin? sin? @ cos? 4 
(x? — sin? (n*—sin?0)! | (7) 
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This may be written 7 = Ss X P+ WR’s* X w, where P and 
w represent the expressions in brackets. 

Then, J7 = unbalanced pressure X stroke of piston X P + 
weight of parts X X stroke’ w. 

It is evident that all engines having the same ratio of crank to 
connecting rod will have the same value of x. This being fixed, 
the only quantities that vary for different engines will be weight 
W, unbalanced pressure, S, and stroke,s. The values of ” used 
in naval engines vary but little, and table No. I has been made 
for different values of , showing the values of P and w corres- 
ponding to each value of @, the crank angle, foreach 15°. Now, 
multiplying the value Ss and Wk’s? by the corresponding mul- 
tiplier in the table, the values of the moment due to steam pres- 
sure, 14, and that due to inertia, 17,, may be found, and their 
sum is the total moment on the shaft. Care must be taken to 
use the correct sign for the inertia effort as given in the table. 


II. PractricAL APPLICATION OF THE FORMULZ. 


To apply this table to finding the curve of turning moments 
of an engine in designing the parts, we may proceed in two ways. 
First, if the engine is one of novel design and differs radically 
from any that we have cards from, it would be necessary to lay 
down the theoretical card and take ordinates from it for our un- 
balanced pressures; but as this would be a very unusual case 
in the present advanced state of mechanical engineering, and as 
changes from low to higher pressures are made gradually, we 
may (2d,) take the card of some similar engine that is known to 
give good results, but using a different pressure, andday down 
from it a curve of expected unbalanced pressures. A sufficient 
approximation can in this way be obtained in almost any case. 
To illustrate this method, I have selected four sets of cards 
taken from the port engine of the U.S. S. Detroit. It was found 
a difficult matter to select a set of cards that I could feel sure 
were all right, as some error was usually noticed that made 
them unfit for comparison, either from steam being admitted to 
the receivers or from the links of one or more cylinders not be- 
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ing in full gear, the work not being equally divided between the 
cylinders, etc. Even after selecting my cards I find that the I.P. 
cylinder is doing less work than the others, and that the H.P. 
links were run in a little from full gear. 

However, these cards will do for the sake of illustration, and 
I have reduced them to apply to another engine using a higher 


pressure, as follows: 
Detroit. New engine. 


Diameter of H.P. cylinders, inches,. . 26} 18} 
I.P. cylinders, inches, . . 39 294 
L.P. cylinders, inches,. . 63 2 of 334 
20 
Length of connecting rod, inches, . . 52 45 
Designed boiler pressure, . . . . 160 250 


Designed revolutions, 


Each card was divided up into the proper number of ordinates 
corresponding with the table for multipliers, by laying off every 
15 degrees on the crank circle, and taking the length of the con- 
necting rod to same scale as a radius, and striking an arc to cut 
the center line of the cylinder. These ordinates were measured 
in the usual manner to the scale of the indicator spring from the 
line of zero pressure, and the reading of the top and bottom lines, 
or absolute pressures for each ordinate, are placed separately in 
lines 1, 2,6, 7, 11 and 13 in the blank I have prepared (Table II). 
It is well to note that (the unbalanced pressure being what we 
are after) the reading to the top line of one card is placed in line 
1, and the reading to the bottom line of the card for the other 
end of the cylinder on the same ordinate is placed in line 2, as 
the difference of these readings gives the unbalanced pressures 
at the position of piston represented by any ordinate. 

Now, it must be remembered that the engine to which we 
wish to apply these cards is supposed to be similar to the one 
that I have taken cards from, that the clearance is about the 
same per cent., cut off the same, and that what we wish to ascer- 
tain is what unbalanced pressures we may expect to get from an 
engine of the same type, but of different cylinder ratio, and us- 
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ing steam of a different pressure. We will now consider the 
cylinders in regular order. 

ist. High-pressure cylinder —These engines being exactly sim- 
ilar, the expansion line should be in the ratio of the absolute 
pressures used. The boiler pressure at the time the card given 
in Table II was taken was 162 lbs. per gauge = 176.7 lbs. abso- 
lute; in the new engine it is to be 250 lbs. per gauge = 264.7 
absolute. The first step is then to correct our expansion line or 
absolute reading of the top line of the card found in line 1, by 
multiplying each ordinate by the ratio of the absolute pressures, 
viz: pee the results being placed in line 3. 

The steam on the bottom line has expanded an amount due 
to the ratio between the space it occupied in the H.P. cylinder 
before expansion and the space it occupies in the I.P. cylinder ; 
the engines being similar, this is represented in each case by the 
ratio of the H.P. to the I.P. cylinders (the point of cut-off being 
the same in both engines), and our multiplier for correcting this 
bottom line will be the ratio of the absolute pressure multiplied 
I.P. cyl. 
HP. 
troit =r, and those of the new engine = 7’, we have a multiplier 


by the ratio of the cylinder ratios, or, if ratio of 


for the bottom line 176.7 x >, or in this case = 1767 * 2.556 
= 1.275. 


The result of multiplying each ordinate in line 2 by this mul- 
tiplier is found in line 4, and these subtracted from the results in 
line 3, give the expected unbalanced pressures, line 5. From 
these results the unbalanced pressure curves H, H.....H in Plate 
I, are laid down for the high-pressure cylinder, the abscisse 
representing divisions of the crank circles and the ordinate at 
any point representing the unbalanced steam pressure at that 
point. ; 

2d. LP. Cylinder.—The top reading of the card for this cylin- 
der, line 6, will have the same multiplier as the bottom line of 


the H.P. cylinder, viz: a x 53 the corrected ordinates for this 
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line are tabulated in line 8. Reasoning in the same way, the 
bottom line of this cylinder will have as a multiplier the ratios of 


LP. cyl. _ p ; I.P. cyl. 
HP. cyl. = R, instead of ratio of HP. cyl. Hence multiplier 


will be > x = and corrections for this line will be found tabu- 
lated in line 9. The difference between lines 8 and g will, as 
before, give the expected unbalanced pressure for each ordinate 
of the I.P. cylinder, and these laid off as for the H.P. cylinder 
give a similar curve for the I.P. cylinder. (Plate I. /, /....7) 

3d. L.P. Cylinder—The readings of the top line of this cylin- 
der, line 11, will have the same multiplier for correction as the 
bottom line of the I.P. cylinder, and these readings corrected are 
tabulated in line 12. The bottom line of this cylinder will have 
no correction, but will depend upon the vacuum carried ; that in 
the Detroit being 25} inches per gauge, we may take that as be- 
ing as good as we ought to expect; so the readings of the card 
for this line are tabulated in line 13, and these results subtracted 
from the results in line 12 give the unbalanced pressure that 
may be expected (line 14), from which the curve for this cylinder 
may be constructed as before. (Plate I. JZ, Z.....L.) 

Lines 15, 16 and 17, Table II, give the average results of four 
sets of cards taken from the Detroit, and reduced in this way to 
apply to the new engine. 

N. B.—The cards in Plate I are constructed from these aver- 
age results. 

The part on the left hand and above the axis is taken to rep- 
resent pressures on the top of the piston, or for the down stroke, 
and the part below the axis and to the right represents pressures 
on the bottom of the piston. The axis represents zero pressure, 
and all pressures below it for the op of the cylinder are minus 
pressures ; also, all above it for the dottom of the cylinder are 
minus. 

It is evident that these curves should be fair curves without 
_points of deflection, and where such occur mistakes may be 
looked for. I find these mistakes caused primarily by vibration 
of the indicator, which, though very slight in the original, are 
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magnified in correcting to a higher pressure. These points, 
though marked for single cards, are pretty well eliminated by 
taking the average of a number of cards. 

Having now our curves of unbalanced pressures, we may pro- 
ceed to construct our curves of twisting moments. But first we 
must consider the effect of gravity on the weight of the moving 
parts. This effect will be constant and equal to a steam pressure 
per square inch on each piston equivalent to the weight of the 
parts divided by the area of the piston. The weight of the mov- 
ing parts in our new engine will be as follows: 

H.P. = 1,337 pounds; I.P.= 1,430 pounds; L.P. = goo 
pounds. 

Hence the pressure per square inch produced by this weight 

1,337 _!,430 


will be for H.P. = 497; LP. = 683.404 2.19, and 


L.P. = 5083 = 1.04 pounds. This pressure is to be added to 
the pressures on top of the piston, and subtracted from the press- 
ures on the bottom, which may be done by drawing a line, A’B’, 
parallel to the axis AJB, Plate I, and at a distance representing 
such pressure from it, and measuring our ordinates from this 
line instead of from the original axis AB. (In Plate I, A’B’ is 
drawn for the H.P. cylinder only.) 

These ordinates are measured and results placed in columns 1, 
2 and 3 in Table III, 

In columns 4, 5 and 6 are placed the results of multiplying 
the numbers in columns I, 2 and 3, respectively, by the area of 
each cylinder and by its stroke in feet. 

Column 4 = column 1 X 448; (area 183 x 20 inches = 268.8 
xX 1% feet = 448). 

Column 5 = column 2 X-1,139.157; (area 293 X 20 inches = 
683.494 X 1% feet = 1,139.157). 

Column 6 = column 3 X 1,447.2; (area 33} X 20 inches = 
868.3 x 1% inches = 1,447.2). 

Column 7 contains the multipliers for moments due to press- 
ures taken from Table I fora value of x = 4.5 (crank = 10 inches 
and connecting rod = 45 inches). 
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Columns 8,9 and 10 contain the results of multiplying col- 
umns 4, 5 and 6 by the multipliers in column 7. 

In columns I1, 12,13 and 14 these moments are arranged 
according to regular order of cylinders: the I.P. cylinder is at 
180° to the H.P., and the first L.P. is g0° behind the H.P., and 
the second L.P. at 180° from the first L.P. 

In column 15 we have the sums of the four cylinders, or the 
resultant moment due to the pressures alone for each 15° of the 
crank circle. 

We must now find the effect of the inertia of the reciprocating 
parts. I have taken the full weight of the connecting rod, cross- 
head, piston rod and piston and rings for this as given above. 

The values of WR?s? will be— 


For H.P. = 1,337 X (330)? X (1.667)? = 404,442,500. 
I.P. = 1,430 X (330)? X (1.667)? = 432,575,000. 
L.P. = g00 X (330)? x (1.667)? = 272,250,000. 


In column 16 we have the tabulated multipliers taken from 
Table I for value of = 4.5, and in columns 17, 18 and I9 we 
have the moments due to inertia found by multiplying the value 
of WR’s* for each cylinder by its proper multiplier for each 
ordinate. It is well to observe that the inertia does not affect 
the total or mean value of the moment, as the amount of work 
lost in acceleration during the first part of the stroke is given 
up during the latter part. It may, however, affect very seriously 
the maximum moment. In columns 20, 21, 22, 23, the values 
of the combined moments for pressure and inertia are tabulated 
in regular order of cylinders, and column 24 gives the resultant 
moment for both pressures and inertia. 

Plate II gives the curves of moments plotted on the develop- 
ment of the H.P. crank circle; the dotted lines show the curves 
for pressure alone without considering inertia, and the full lines 
show the total moments for both pressures and inertia. The 
curves R, R, R.....R, are the resultant curves, the dotted one for 
pressures alone as before, and the full line for pressures and 
inertia combined. 
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The relative positions of the cranks may now be shifted about 
until certain positions are found that will give a minimum value 
of the maximum resultant moment, and other things being equal 
these will be the best angles at which to place the cranks. But 
in doing this care must be taken that the lateral vibrations of 
the engine are not increased, and that a bad angle of cranks for 
reversing and starting the engines is not taken. The curve 
R, R, R, shown in broken line, which is the result with the cranks 
placed in the following order: I.P.g0° behind H.P., and 1st L.P. 
90° behind I.P., and 2d L.P. 90° behind Ist L.P., or as shown in 
the diagram. 


HP. 


Ist LP 


This arrangement gives an excellent moment, but it is be- 
lieved that the lateral vibration would be greater at a high 
speed. 

The mean moment of the original arrangement of cranks is 
42,213 foot pounds, which under the above conditions would 
42,213 X 330 __ 

33,000 
2,650, which is about 10 per cent. more than is expected of the 
engine in question. The ratio of maximum to mean moment is 


55,450 


give us as the horse power of our engine 


1.313. 
With the second arrangement of cranks this ratio becomes: 
48,390 = 1.146. 


42,213 


2a LP 
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PRESSURE TAKEN FROM INDICATOR CARDS OF U. S. S. DETR¢ 


U.S. S Detroit : Cylinders 264 & 39 & 63 X 26 inches stroke. Steam pressure in boiler = 162 lbs. 


New Engine: Cylinders 183 29} X 2 of 33} X 20 inches stroke. Steam = 250 lbs. 


1. Absolute Pressure, Card Reading, Top Line = P..........cccssssssssceeseeseeee | 150.7 148.7 | 149.7. | 142.7. | 137.7 134.7 130.¢ 

. Absolute Pressure, Card Reading, Bottom Line = f.....scssscc:scssssssescceceeces sorseeceeees 74-7 64.7 61.7 61.7 59.7 58.7 59-7 
3. Reduced Pressure, Top line = P X 264.7 + 176.7 = 1.498P.....ecsceesseeeee 225.7. | 222.7 | 224.2 | 213.8 | 206.3 | 201.8 | 196.1 
4. Reduced Pressure, Bottom Line = p & 264.7 + 176.7 X 2.165 + 2.556 = 1.275f..0++ 95.6 82.5 73.7 78.7 76.1 74.9 76.1 


140.2 145-5 | 135-7. | 130.2 126.9 | 120.0 


. Absolute Pressure, Card Reading, Top Line = P.............ceeeesseeseeees soneee 54-7 60.7 57-7 57-1 56.7 56.7 53-7 
. Absolute Pressure, Card Reading, Bottom Line = # ......s.sss.seseceeseseces ececesncesecceee 29.7 24.7 23.7 23.2 23.2 23.2 23.7 
Reduced Pressure, Top Line = PX 264.7 + 176.7 & 2.165 + 2.556 = 1.275P.....+. 69.7 77-4 73-6 72.8 72.3 72.3 68.5 

. Reduced Pressure, Bottom Line = £ X 264.7 + 176.7 X 5.651 + 6.461 = 1.31f...... 38.9 32.4 31.0 30.3 30.3 30.3 31.0 
cated 30.8 45.0 42.6 42.5 42.0 42.0 37-5 


. Difference, or Unbal d Pressure 


. Absolute Pressure, Card Reading, Top Line, = P 
- Reduced Pressure, Top Line = P 264.7 + 176.7 X 5.651 + 6.461 = 1.31P... 


. Absolute Pressure, Card Reading, Bottom Line 


9-70 13.70 | 20.95 20.70 19.20 18.95 18.7 
12.90 | 17.95 | 27.44 | 2712 | 25.15 | 24.82 | 24.5 


9-70 6.70 5-95 5.20 4-95 4-70 4-7 


3.00 | 11.25 | 21.49 | 21.92 | 20.20 | 20.12 19.8 


33-7 43-5 42.1 41.2 40.5 40.0 37-7 


mesa 7-14 13.49 | 20.42 | 20.79 19.26 | 19.02 18.9. 


| | | 3 
6 
7 
1° 
| | 
| 
34 
| 
12 
14 
| | Average of Four 
15 


TABLE II. 


TROIT.—-REDUCED TO APPLY TO ENGINE USING 250 POUNDS BOILER PRESSURE. 
Otte. Fp, = 2-105 = 5-651 
Ratios of Cylinders : 
P. L.P. 
New Engine..... 77 = 2-543 6 461 
H. P. Cylinder. 
go? 105° 120° | 135° 150° 165° 180° | 180° | 195° 210° 225° 240° 255° | 270° 285° 300° 315° 330° 
| 
130.9 128.7 124.7. | 117.7 98.7 85.7 69.7 149-7 | 150.7 148.7 147-7 146.7 143-7 134.7 130.7 117.7 106.7 100.7 
| 
5-7 | 63.7 | 65.7 | 68.7 | 71.7 | 947 | 135-7 | 69.7 | 56.7 | 53-7 | 53-7 | 53-7 | 57-7 | 60.7 | 64.7 | 65-7 | 74.7 | 907 
196.1 192.8 186.8 | 176.3 147.8 128.4 104.4 224.2 | 225.7 222.7 221.3 219.7 215.3 201.7 195.8 176.3 159.8 150.8 
76.1 81.2 83.8 | 87.6 91.5 120.8 173.0 88.9 72.3 68.5 68.5 68.5 73.6 77-4 82.5 83.8 95-3 115.7 
120.0 111.6 103.0 | 88.7 56.2 7:6 |—68.6 135-3 | 153-4 154.2 152.8 151.2 141.7 124.3 113.3 92.5 64.5 35-1 
( | 
I. P. Cylinder. 
53-7 50.7 47-7 42.7 39.2 34-7 27-7 62.7 | 61.7 60.7 60.7 59-7 55.2 52.2 49-2 44.2 40.2 38.2 
23.7 25.2 26.7 26.7 28.2 38.7 49-7 27-7 23.7 22.7 22.7 22.7 24.2 24.7 26.7 26.7 27.7 35-2 
68.5 64.6 60.8 54.4 50.0 44.2 35-3 79-9 | 78.7 77-4 77-4 76.1 70.4 66.6 62.7 56.4 51.3 48.7 
31.0 33.0 35.0 35.0 36.9 37-6 65.1 36.3 31.0 29.7 29.7 29.7 31.7 32.4 35.0 35.0 36.3 46.1 
37-5 31.6 25.8 19.4 13.1 6.6 |—29.8 43.6 47-7 47-7 47-7 46.4 38.7 34-2 27.7 21.4 15.0 2.6 
L. P. Cylinder. 
18.70 | 17.95 16.45 13.70 | 1245 | 10.70 9-70 | 1820 | 22.20 | 21.45 | 20.70 | 20.70 | 20.70 | 19.70 | 18.20 | 15.20 | 13.45 12.70 
24.50 | 23.51 21.51 17.95 16.31 14.02 12.70 23.84 29 08 28.10 | 27.12 27.12 27.12 25.81 23.84 19.91 17.62 16.64 
4-70 4-70 4.45 4.45 6.20 | 10.70 | 18.20 8.20 7.20 6.20 5.70 4-95 4-45 4.20 4.20 4.20 5.95 7-70 
19.80 18.81 17.06 13.50 10.11 |— 3.32 |— 5.50 15.64 21.88 21.90 21.42 22.17 22.67 21.61 19.64 15.71 11.67 8.94 
our Sets of Cards Treated as Above. | 
117.6 108.5 99.6 83.3 56.8 55.0 |—57-9 139.8 148.8 147-7 145.5 144.0 135.6 124.0 110.4 gor 65.1 33-5 
37-7 30.8 25.7 18.2 11.1 |—10.6 |—33.0 42.6 | 48.4 48.4 47-5 46.4 39-3 33-4 27.8 20.9 13.3 2.2 
18.94 18.21 16.11 11.36 9-99 | 45-4 |— 4.56 | 15.29 20.90 | 21.38 | 21.16 | 20.91 20.18 | 18.78 17.32 | 16.00 | 11.20 8.20 


| | | 


PRESSURE TAKEN FROM INDICATOR CARDS OF U. S. 


U.S. S Detrott : Cylinders 263 & 39 63 X 26 inches stroke. 


New Engine: Cylinders 183 & 29} 2 of 33} X 20 inches stroke. 


TABLE II 


S. DE TROIT.—REDUCE 


Steam = 250 lbs. 


Steam pressure in boiler = 162 lbs, 


H. P. Cylinder 


0° | 15° | 30° | 45° | 60° 758° go? 105° 120° | 
ure, Card Reading, Top Line = P......... | 150.7 | 148.7 | 149.7 142.7 | 137.7 | 134-7 130.9 128.7 124.7 | 1 
Card Reading, Bottom Lime 74-7 | 64.7 61.7 61.7 59-7 58.7 59-7 63.7 65.7 
sure, Top line = P X 264.7 + 176.7 = 1.498P.....sseceeeseeesecseees coccceees| 225.7 | 222.7. | 224.2 | 213.8 | 206.3 | 201.8 196.1 192.8 186.8 | 
ure, Bottom Line = p 264.7 + 176.7 X 2.165 + 2.556 = 1.275f...0+ 95-6 | 82.5 73.7 78.7 76.1 74-9 76.1 81.2 83.8 | 
130.1 140.2 145.5 135-7 130.2 126.9 120.0 111.6 103.0 
| I. P. Cylinder. 
ure, Card Reading, Top Line = P. ....0..cessescccescoesseces seeees 54-7 60.7 57-7 57-1 56.7 56.7 53-7 50.7 47-7 
ure, Card Reading, Bottom Line = J .......c.cseecccsvcesessee cocce voces ccsees | 29.7 | 24.7 23-7 23.2 23.2 23.2 23.7 25.2 26.7 
ure, Top Line = PX 264.7 + 176.7 X 2.165 + 2.556 = 1.275P....... 69.7 77-4 73-6 72.8 72.3 72.3 68.5 64.6 60.8 
ure, Bottom Line = £ X 264.7 + 176.7 X 5.65 + 6.461 = 1.31f...... | 38.9 32.4 31.0 30.3 30.3 30.3 31.0 33-0 35.0 
| 30.8 45.0 42.6 42.5 42.0 42.0 37-5 31.6 25.8 
| | L. P. Cylinder. 
we, Card Reading, Top Line, = P.....c.cccccceseccsceceesoeees saceee 9.70 | 13.70 | 20.95 | 20.70 | 19.20 | 18.95 18.70 | 17.95 16.45 
re, Top Line = P X 264.7 + 176.7 X 5.651 + 6.461 = ea 5 12.70 17.95 27.44 27 12 25.15 24.82 24.50 23.51 21.51 
re, Card Reading, Bottom Line . | 9.70 6.70 5-95 5.20 4-95 4-70 4.70 4-70 4-45 
3-00 | 11.25 | 21.49 | 21.92 | 20.20 | 20.12 | 19.80 | 18.81 | 17.06 | 1 
| Average of Four Sets of Cards 1 
126.2 138.3 140.4 134.1 128.0 121.5 117.6 108.5 99.6 
| 33-7 43-5 42.1 41.2 42.0 37-7 30.8 25.7 
7-14 13-49 | 20.42 | 20.79 | 19.26 | 19.02 18.94 18.21 16.11 1 


Ratios of Cylinders : 


H.P 


LP. 


New Engine..... 


UCED TO APPLY TO ENGINE USING 250 POUNDS BOILER PRESSURE. 


= 2.165 


= 2.543 


165° 180° 
85.7 | 69.7 
94-7 135-7 
128.4 104.4 


7:6 |—68.6 
34-7 27-7 
38.7 | 49-7 
44.2 | 35-3 
37-6 65.1 

6.6 |—29.8 
10.70 9.70 
14.02 12.70 


10.70 | 18.20 


— 3.32 5.50 


Above. 
55-0 57-9 
—10.6 |—33.0 


45-4 |— 4.56 


22.7 
77-4 
29.7 
47-7 


21.45 
28.10 


6.20 


21.90 


147-7 
48.4 
21.38 


22.7 
77-4 
29.7 
47.7 


20.70 
27.12 
5-70 


21.42 


145-5 
47-5 


21.16 


24.2 


31-7 
38.7 


20.70 
27.12 

4-45 
22.67 


135.6 
39-3 


20.18 


24.7 


32-4 


19.70 
25.81 
4.20 


21.61 


124.0 
33-4 
18.78 


26.7 


35.0 
27.7 


18.20 
23.84 
4-20 


19.64 


110.4 
27.8 


17.32 


35-7 
43-7 
45-5 
57-2 


—11.7 


11.70 
15-33 
8.70 
6.63 


3.42 


—14.3 
5-54 


It. 
L.P. 
L.P. 
= 461 
ader. 
Yh. a 150° | | 180° | 195° | 210° | 225° 240° | 255° | 270° | 285° | 300° 315° 330° 345° 360° 
7 | 117.7 98.7 | 149.7 | 150.7. | 148.7 | 147-7 146.7 | 143.7 | 134.7. | 130.7. | 117.7 106.7 | 100.7 927 14-7 
| | | 
7 | 68.7 71-7 | 69.7 | 56.7 53-7 | 53-7 53-7 | 57-7 | 60.7 64.7 65.7 | 74-7. | 90.7 | 110.7 | 124.7 
J | 176.3 147.8 224.2 | 225.7 222.7. | 221.3 219.7. | 215.3 201.7 195.8 176.3 159.8 150.8 138.8 111.9 
| 
3 | 87.6 91.5 120.8 | 173.0 88.9 72.3 68.5 | 68.5 68.5 | 73.6 97-4 82.5 83.8 | 95-3 115.7 141.2 159.0 
| | 
> | 88.7 56.2 135-3 | 153-4 154.2 | 152.8 151.2 | 141.7 | 124.3 113.3 92.5 | 64.5 35-5 |— 2.4 |—47-1 
} | 
| | 
der. | | 
y 42.7 39.2 | 62.7 61.7 60.7 60.7 59-7 | 55.2 52.2 49.2 44.2 40.2 38.2 29.7 
| 26.7 | 28.2 | | | 22.7 | | | | 6967 | | 54-7 
3 54.4 50.0 | 79.9 | 78.7 | 76.1 | 70.4 66.6 62.7 56.4 51.3 48.7 37-9 
) 35.0 36.9 36.3 31.0 29.7 | a T | a 35.0 36.3 46.1 71.7 
} 19.4 13.1 | 43.6 | 47-7 46.4 34-2 21.4 15.0 2.6 [ |—33-8 
der. | | 
15 | 13.70 | 1245 18 20 | 22.20 | } 20.70 } 15.20 | 13.45 | 12.70 9.70 
I 17.95 16.31 23-84 | 29 08 a 27.12 i 19.91 17.62 16.64 12.70 
| 
5 | 445 | 620 | | 8.20] 7.20) 4-95 4-20 | 5.95 7-70 9.20 
6 13.50 10.11 | 15.64 | 21.88 22.17 | 15.71 11.67 8.94 3-50 
| 
is Treated as | 
) 83.3 56.8 | 139.8 148.8 | 144.0 gor 65.1 33-5 | |—47.8 
18.2 | | 42.6 48.4 46.4 20.9 13-3 2.2 —29.1 
I 11.36 9.90 | | 15.29 | 20.90 | | 20.91 | | | 16.00 11.20 8.20 2.51 


Moments due 


Multiplier for 


to steam pressures. 


TABLE 


= | Unbal od 
| nbalanced pressure area 
5 | Unbalanced pressure. of piston X stroke in feet. P moment Moment due to steam. Moment due to steam (an 
ue to steam, 
A C=BxP. y 
3. 
Sa] 2. 3. 4. 3. 6. 7. 8. | 20. 
v9 
| | 
ra) H.P. 1.P. | LP. H.P. | H.P LP. L.P. Ist 
| 
° | ° ° | ° ° ° 128 
| 
15° 143.1 45-7 14.99 64065. 52060. | 21690. 1572 10070 8184. | 3410. 10070. 5342. 120 
| 
30° 145 4 443 21.42 65120 50465. | 31000. 2984 19430. | 15060 | 9250 19430. 10600. 104 
45° 139-1 43-4 | 21.79 62320 49440. | 31530. -4096 25530. | 20250. | 12910 25530 15340 60 
| | | 
60° 1331 42.7. | 20.26 59630. 48640. | 29320. .4820 28740. | 23450 | 14130 28740. 19330. 31 
3° 126.5 42.2 | 20.02 56670. 48070 | 28970 5115 28990. | 24590. | 14820 28990 19200. 12 
go? 122.6 39-9 19.94 54920. 45450. | 28860 5000 27460. | 22725. | 14430 27460. 17770. ° 
105° 1135 33-09 | 19.21 50850 37590. 27800 4544 23100. | 17080. | 12630. 23100. 14920. 34 
120° 104.6 27-9 17.11 46860 31780. 24760 .3840 17990. | 12200, 9507 17990. 10270, g2 
135° 88.3 20.4 | 12.36 | 39560 23240 178g0. 2973 | 11760. 6g10 5319 11760. 5181. 129 
| | | 
150° 61.8 13.3. | 10.90 | 27690 15150. 15780. 2015 5580. 3053. 3180. 5580. ° 141 
| 
165° 10.5 | 5.45 4704. |— 9568. 7887. 1015 477- |\— 97% 800, |— 2166. 148 
| 
195° 143-8 46.2 | 19.90 64430 52630. 28800. 1015 6540. | 5342 2923. 6540 8184 126 
210° 142.7 46.2 | 20.38 63930 52630. 29490 2015 12880. | 10600, 5942. 12880, 15060. 95 
225° 140.5 45-3. | 20.16 62940. 51600. 29170 2973 18710. | 15340 8672. 18710 20250. 53 
240° 139.0 44.2 19.91 62260. 50350. 28810. -3840 23910. | 19330. | 11060. 23910. 23450. 31 
255° 130.6 37.1 19.18 58510. 42260. 27760. 4544 26590. 19200. | 12610, 26590. 24590. 8 
270° 119.0 31.2 17.78 50930. 35540. | 25730. 5000 25465 | 17770. 12865. 25465. 22725. oO 
285° 105.4 25.6 16.32 47220. | 29160. | 23620 5115 24150. | 14920. 12080. 24150. 17080. 29 
300° 85.1 18.7 15.00 38125 21300. | 21710, .4820 18380. | 10270 10460. 18380, 12200, 59 
| 
315° 60.1 11.1 10 20 269 30. 12650. | 14760. 4096 11030. 5181. | 6045 11030. 6910. 86 
330° 28.5 ° 7.20 12770. | ° 10420, 2984 3810. o | 3109. 3810. 3053. 110 
| 
345° |— 8.4 |—t12.1 4-54 [" 3763. |—13780. 8018. 1572 j— 592. —2166. | 1260. 592. |— 971. 126 
| | | 
! | 


Con 


Resultant of 


Moments due to inertia. 


Multiplier for 


Combined moments due to pressures and inertia. 


n (arranged in regular Moment due to inertia Combined moment due to steam and inertia Total 
cylinders.) = WR? s* w. (arranged in regular order of cylinders.) | moment, 
13. 14. 15. 16. 17. 18. | 19. 20. ei. 22. 23. 24. 

ist L.P. 2d L.P. H.P | L.P. H.P ist L.P. ed L.Be | 

12865. 14430 27295- ° ° ° ° ° ° | 7548. | 19747 27295 
12080. 12630. 4or22. —.00003125 — 12640. | — 13520.| — 8508. — 2570. — 476. 13572 + 22280. | 32806. 
10460. 9507 49997- —.00005012 — 20270.| — 21680. | — 13650. — 840. — 640. 19210 20457. | 38187 
6045 5319. 52234. — 00004985 — 20160. | — 21560. | — 13570. 5370 — 190. + 19615, 15°QI 39886 
3109. 3180. 54359- —.00003214 | — 13000. | — 13900.| — 8750 15740 1930. 16759 + 10252 | 44681. 
1260. 800. 50250. -,00000548 — 2216.) — 2370.| — 1492. + 26774 3870. 9768 4462. 44874 
° ° 45230 + 00001953 7898. 8448 5317 + 35358 9322 ° ° | 44680 
3410. 2923. 44353- + .©0003545 14340 15330- | + 9650 + 37440 + 17290. | — 5098. | — 739. | 48893. 
9250. 5942 43452 + 00004022 16270 17400 10950. + 34260 24170 — 4400. — 1130. 52900. 
12910. 8672. 38523 .00003589 + 14520. | 15530 9772 26280. 26741. | —- 660. 1100, 51261 
14130. 11060. | 30770 +-.00002598 10510 11240. 7072 + 16090. 21680. | + 5380 + 110 43260. 
14820. | 12610, | 25741 «00001345 5439- 5818. 3662 + 50916 11354 13328 2960. 33558 
14430. | 12865. 27295 ° ° ° | ° ° ° | + 19747 + 7548. 27295 
12630. | 12080. 39434 — .00001 345 — 5439-| — 5818. — 3662 1101 — 5336. 22280. {+ 13572. 31617 
9507. | 10460 47907 —.00002598 — 10510.} — sai 7072 + 2370 — 6620. + 20457. + 19210. 35417 
5319. | 6045 50324 —.00003589 | — 14520. | — 15530. | — 9772 + 4190. | — 1310. + 15¢91. 19615. 37586. 
3180, | 3109. 53649 —.00€04022 — 16270. | — 17400. | — 10950 7640. + 9550. + 10252. | + 16759. 44201 
800, | 1260 53240 —.00003545 — 14340. | — 15330.| — 9650 + 12250. + 22220. -+ 4462. + 9768. 48700 
° } ° 48199. —.00001953 — 7898.' — 8448. — 5317 + 17567. + 31173. ° ° 48740 
2923. 3410. 47563 + 00000548 2216. 2370.| + 1492. + 26366. + 32410. 739- | — 5098. 52939 
5942. 9250. 45772 + .00003214 + 13000. | -+ 13900. | + 8750. + 31380. + 296co. — 1130 4400. | 55450 
8672. 12910 39522 + c0004985 + 20160. | 4 21560. 13570 + 31190. + 22440. — 1100. - 660. 51870 
11060. 14130 32053. + .oc005o12 + 20270. | + 21680. 13650. + 24080. + 14293. + 110 5380. | 43863 
12610. 14820. 25867. -+ 00003125 + 12640. + 13520.]} + 8508. + 12048. + 4847. 2960. + 13328 | 33183 

Total = 1,013,142. Total = 1,013,142. 

Mean 42,213. 
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NEW POLICE BOAT FOR NEW YORK CITY, 


By H. pEB. Parsons, Esg., ASSOCIATE. 


Believing it a wise policy to record actual performances, the 
author offers the following with the hope that it may assist 
others in designing a similar vessel. 

In the Spring of 1893, the Police Commissioners decided to 
construct a new police boat to replace the old-fashioned side- 
wheel steamer then inservice. The author was retained as Con- 
sulting Engineer and Inspector for the work. It was decided 
to build a steel twin-screw vessel to be called Fatro/, and the 
contract was awarded to the marine department of the Maryland 
Steel Company, Sparrow’s Point, Md. The contractors were to 
complete the vessel and deliver it in New York City within six 
months. This was accomplished, with two days to spare. 

The dimensions of the boat were : 


The stem is straight and the stern has a round overhang. In 
general appearance the boat resembles a large ocean tug with 
two pole masts, having a long deck house which is utilized for 
saloons, state rooms, engine and galley. 

On the lower deck forward is the forecastle with accommoda- 
tions for ten men. Aft of this is the main dining room and two 
large staterooms, then a cross coal bunker, and the boiler and 
engine rooms respectively. Abaft the engine room there are six 
staterooms. Theoverhang of the stern is used for a store room 
for general supplies. 

24 
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The designing weights and data were: 


Machinery, including boiler settings, tons 94,00 


Fittings and rigging, tomS....... seccccces 15.00 
Displacement per inch at L.W.L., tons. IS 
Transverse metacenter above C.G., feet cesses 3.90 
Longitudinal metacenter above C.G., feet....... 223.00 
Cylindrical coefficient of displacement............. 0.649: 
Cofficient load water plane 0.700 


The frames were steel angles 3 by 2} inches, spaced 21 inches, 
and the reverse frames were 2} by 2} inches. The keel was of 
the bar type, of steel,6 by 14 inches. The stem was of the same 
size as the keel, and the stern post was cast steel, 6 inches by 3 
inches at top, tapering to 1} inches at heel. 

The motive power consisted of two compound direct-acting 
inverted engines. The high-pressure cylinders were 13 inches 
in diameter, and the low pressures 24 inches, both with 18-inch 
stroke, with cranks at 90 degrees. All the cylinders were un- 
jacketed. The high-pressure cylinder had a solid piston valve, 
and the low a double-ported slide valve. The engines were re- 
versed by steam, and the valves were direct-driven on the Ste- 
phenson link, double-bar type. The air, sanitary and boiler feed 
pumps were connected to the main engine low-pressure cross- 
heads. Independent centrifugal pumps, having 4-inch suction 
and discharge, were used for circulating. Each condenser 
contained 390 square feet of cooling surface, and formed part 
of the back framing for the engine. The condenser tubes were 
of brass, tinned inside and out, #-inch diameter, spaced I} 
inches. The shafts were steel, 5 inches inboard and 54 inches 
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outboard. There were five thrust collars, each 1} inches thick 
by 2} inches high. The cranks and crank pins were cast steel, 
in one piece, and were bolted to flanges forged on the shafts. 
The propellers were cast iron, containing a large percentage of 
steel scrap, 6 feet diameter by 9 feet pitch, and weighed 1,050 
pounds each. The weight of each engine on floor of erecting 
shop was approximately 21,000 pounds. 

The steam pressure was 120 pounds and was supplied by two 
boilers of the “Admiralty” or gunboat type, 7 feet 9 inches 
diameter by 17 feet 6 inches long. Each boiler contained two 
corrugated furnaces, 36 inches inside diameter, and 78 3-inch 
tubes and 70 34-inch tubes. The lower tubes were made larger 
to prevent their being choked by soot, which is apt to occur 
with this type of boiler. The grate surface for both boilers was 
74 square feet, and the total heating surface 2,130 square feet. 
The steam space in both boilers was 285.6 cubic feet. 

Each boiler weighed empty (estimated) 28,020 pounds, and 
with water ready for steaming 54,270 pounds. 

There were the usual number of auxiliary pumps for bilge 
and boiler feeds, as well as a steam syphon, and these were con- 
nected by manifolds so as to draw from sea, bilge, main tanks 
or fore and aft peak tanks. In addition, there was a Worthington 
fire and wrecking piston pump with central bottom suction, 
duplex, 14-inch steam, 9}-inch water, by 10-inch stroke, capable 
of discharging over 1,000 gallons per minute. This was arranged 
for four hose connections on the upper deck, and for two on the 
main deck. 

The vessel was lighted throughout with electricity in addition 
to the usual complement of oil lamps. On the foremast was a 
Thomson-Houston search light of 4,000 candle power, arranged 
to be operated from inside the pilot house. The side light, mast 
head and anchor lights were arranged for both electricity and 
oil. 

Besides the hand steering gear, there was a Manton steam 
steerer, so connected that the change from hand to steam could 
be made quickly while the vessel was under way. 
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The steam trial took place on January 11, 1894, and lasted 
four hours. During one hour indicator cards were taken, from 
which the horse power was computed. The contractors guaran- 
teed a minimum of 500 I.H.P. On account of foggy weather, 
it was impossible to accurately gauge the speed, but it was 
approximately 16 statute miles per hour. 

Average cards from both engines are shown in the ac- 
companying drawing, and also a combined diagram. 

The results of the trial were as follows : 


Starboard. Port. 

Steam pressure in receiver, Ibs........+ 15.00 15.33 

Combined diagram—ratio of theoretical to patent area, per cent 61.93 

Height of stack above grate, feet. sccocses so 36.00 

Area of stack, square feet....... coves 12.60 

Area through tubes, square feet....... sees 14.00 

Ratio grate surface to area tubes... I to 5.04 

Ratio grate surface to ares stack I to 5.87 
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CIRCULATION IN THE “THORNYCROFT” WATER- 
TUBE BOILER. 


By J. I. THornycrort, Esg., F. R.S. 


[Read at the Thirty-fifth Session of the Institution of Naval Architects, March 15th, 
1894.] 


Since I read a paper on “ Water-tube Boilers for War Ships,” 
in 1889, such a change in the general feeling regarding them and 
their actual standing has taken place that it is unnecessary for 
me now to point out at any length the decline and failure of shell 
boilers for fast vessels, and the growth and success of the water 
tube, but rather to describe my most recent practice, and give 
you the results of my experiments and experiences since my 
paper before the Institution five years ago. 

It was considered then that possibly boilers such as I had 
made might be suitable for small torpedo boats, but that success 
in such an extreme case did not at all warrant their adoption in 
larger vessels. However, in the last two years the third-class 
cruiser Geiser, and the fast torpedo gunboat Speedy, have each 
been fitted with eight water-tube boilers of my construction ; and 
now the Danish authorities are so well pleased with the perform- 
ance of the Geiser that they have decided to fit the armor-clad 
Skjold with similar boilers. Further, in Germany, a new ship of 
the Sregfried class of 3,000 tons is also to be fitted with this type. 

In the case of the Gezser an equal power was given to that ob- 
tained in the sister ship, Hecla, with locomotive boilers, but with 
the reduction of weight of some sixty tons. I wish to call your 
attention particularly to what my firm undertook to do in the 
case of the Speedy. One thousand more horse power was guar- 
anteed than with the locomotive boiler in sister vessels, with a 
considerably less weight of boilers. 
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I would beg to call your attention to Fig. 1, which gives a 
comparison of locomotive boilers and the Speedy’s water-tube 
boilers. First, you will see that we have the same length in the 
ship in each case, and in each case two stokeholds; but in the 
Speedy four boilers in each stokehold instead of two. 

In the table you will see the comparison of heating surfaces, 
grates, &c. It has been remarked that the amount of heating 
surface provided is much greater per unit of power than is usually 
employed with locomotive boilers. This, however, is not a nec- 
essary condition, as it has been shown that water-tube boilers 
are capable of being forced to do equal or more work with equal 
surface ; and the large amount of heating surface in the Speedy 
must be looked upon, not as a necessity, but as a means of pro- 
viding greater economy of fuel. Coal consumption experiments 
in the Speedy have not, at present, been made, but in the Geiser 
careful experiments over a considerable period show that the coal 
consumption, even at full power, is considerably less than two 
pounds per I.H.P. 


PARTICULARS OF LOCOMOTIVE AND THORNYCROFT BOILERS IN VESSELS 
OF THE SPEEDY TYPE. 


Thornycroft 
Locomotive water-tube 
boilers. boilers. 
Total indicated horse power. 33500 4,500 
Number of boilers per ship............ 4 
Area of grate, per boiler, square feet......... hiccwumcnenimmens Aan 253 
Total area of grate, per ship, square feet... toes cossevicscocicee, “SOS 204 
Heating surface, per boiler, of firebox, Sect. « 64.6 
Total heating surface, per boiler, square feet........+:00 seseessesser 1,597 1,840 
Total heating surface, per ship, square feet ......06 csseseseseeeeee 6,388 14,720 
Total weight of boilers and mountings, dry, tons.......2 71.52 
Total weight of water in boilers, tons.. ......... 30 12.78 
Total weight of boilers and water, per ship, tonS.....cs00sssceeeee 112 84.30 


During the trials of the Speedy we had some difficulty with 
priming, which had not been expected, and this was found to be 
entirely due to the quality of the water, which was the Sheerness 
Dockyard supply, and which has been found so far capable of 
causing trouble that no one of experience will use it willingly. 
And in the case of the Speedy the difficulty was further increased 
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by a large addition of estuary water, caused by a leak in the con- 
denser. I have since made experiments on the properties of 
these waters, which I shall refer to later on. 

When working at the highest power attained the boilers were 
only forced to a very limited extent, the mean air pressure being 
1.7 inches, and, even with this air pressure, had the Navy stokers 
had more practice with the particular form of grates, a higher 
result could have been obtained. The only point which pre- 
sented any difficulty in these trials was that of feeding the boilers 
with sufficient regularity. The Speedy has two Weir pumps, 
which are arranged to deliver into a main feed pipe common to 
all the boilers, in which the water was in excess of the boiler pres- 
sure by some 50pounds. On each boiler there was a check valve, 
by which the feed was controlled. This system, which is perfectly 
efficient for boilers holding large volumes of water, seems to re- 
quire some modification in the case of water-tube boilers, where 
the water contained is relatively very small for the rate of evapo- 
ration, and I have come to the conclusion that some form of au- 
tomatic control is desirable. In the Belleville boiler this has 
already been adopted with success. With the view to lengthen 
the life of the tubes, they were galvanized both inside and out. 
The zinc on the outside is, I consider, more useful than the inner 
coating, which, being exposed to impure water at a high tem- 
perature, soon disappears, and is, therefore, only a temporary 
protection. 

In opening up boilers and steam pipes we have frequently ex- 
perienced the presence of explosive gases in a most unpleasant 
manner. It seems to me possible that the very large surface of 
zinc must be the cause of the generation of these gases. This 
theory is supported by the fact that we have only had this expe- 
rience since the tubes have been galvanized, and also by the dis- 
appearance of the zinc. In one case, during the severe frost this 
winter, a torpedo boat had been lying with banked fires for five 
days. A leak was discovered in the exhaust pipe of the steering 
engine, and the presence of a combustible gas was accidentally 
made evident by its ignition, when it burned for between three 
and four minutes, the flame being about three feet long, burning 
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at first with a blue flame, and later with a luminous flame like 
coal gas. 

On studying the papers of Mr. Milton at Cardiff, and Mr. Ward 
at the Engineering Congress of Chicago, I find what other engi- 
neers have been doing; and while I have pleasure in acknowl- 
edging the honor many have done mein following the principles 
of my construction, I must call attention to the fact that I am of 
opinion that many of the departures that have been made will 
lead to inefficiency and may be sources of danger. 

I have recently made experiments on the relative circulation 
of boilers when the generating tubes deliver above the water in 
the separator and below it, and I have found that, in the case 
where they deliver above, the circulation is rather more than 
double when they deliver below. The method of measurement 
I adopted was to put a rectangular notch, similar to those 
usually employed in gauging small streams, across the separator, 
so that all the water that went down the downtakes had to pass 
over it, and then observed the flow over the notch through a 
glass window in the end of a boiler, and thus, knowing the size 
of the stream, was able to calculate the circulation. I found that, 
in the case of the above water delivery, the circulation was 105 
times the feed; that is to say, for every pound of steam brought 
up by the generating tubes, 105 pounds of water are also passed 
through them. The boiler experimented upon with the drowned 
tubes was similar, as far as possible, to the other, whieh was of 
my usual construction, so that the reduction in circulation can 
only be attributed to the upper ends of the tubes being im- 
mersed. 

At a meeting of the Civil Engineers in 1889, I described at 
length the necessary conditions for efficient circulation, and ven- 
tured an opinion that it, together with the proper heating of the 
feed water before its arrival at the heating surface, would retard 
the formation of scale; and I am now able to state that we have 
had no trouble in any of our boilers from this cause. It is, there- 
fore, apparent the large reduction in circulation caused by im- 
mersing the tops of the generating tubes will detract from their 
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power of keeping clean, which is so essential to boilers having 
tubes of a small diameter. 

It has been argued that it would be advantageous to have the 
tubes drowned, because it has been thought that then brass or 
copper might be used instead of steel ; but my experiments show 
that the proportion of steam to water is greater in the drowned 
tubes; therefore they have less capacity to take up heat from the 
furnace gases without damage. 

I have made experiments which proved that working with 
water entirely free from oil, very severe working (20 pounds of 
water per square foot H.S.), the tubes could not be overheated ; 
but the addition of a small quantity of the greasy deposit taken 
from a boiler working with condensing engines was sufficient to 
cause the destruction of the tubes by overheating without any in- 
crease in the rate of working. I further experimented with grease 
taken from the inside of a boiler to ascertain the temperature of 
its evaporation, and found that this was so high that when heated 
on a piece of brass tube it continued to give off vapor after the 
critical temperature at which brass loses most of its tenacity had 
been arrived at. From this experiment the effect of a coating of 
this deposit can be easily surmised. Under the rapid transmis- 
sion of heat, gas would continue to be liberated from the surface, 
which would increase in temperature, owing to the non-conduct- 
ing power of the film of gas which necessarily precludes the con- 
tact of water with the tube surface, the water being only enabled 
to preserve the tubes because its boiling point is lower than that 
of grease. Consideration of these facts seems to me to prove 
that for a high rate of working in boilers where grease may be 
present in the feed water brass tubes are quite unsuitable; cop- 
per may, perhaps, be used, as the temperature at which its ten- 
acity is greatly reduced is much higher. M. Du Temple found 
that copper tubes lose their strength in time, but the relatively 
small diameter of his tubes to their length seems to be an element 
which might cause this trouble, and a further unfavorable condi- 
tion is the immersion of their upper ends. F 

In the experimental boilers before referred to, and in which 
glass ends to the separators enable internal working of the 
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boilers to be observed, I made experiments on priming, and the 
phenomenon which takes place seems both important and inter- 
esting. Waters which cause priming on boiling produce foam 
consisting of a mass of bubbles of various sizes. Water which 

is very bad produces bubbles so durable as to remain a consid- 

erable time without breaking, and by them the steam space of a 
boiler may be entirely filled ; and so soon as this takes place, 
instead of simply steam leaving the boiler, the discharge con- 

sists of foam, which is broken up in its rapid motion along the 

steam pipes. This is a great contrast to what is seen when pure 

water is evaporated. In this case steam emerging from the sur- 

face of the water retains no film of liquid for sufficient time to 
be seen; this is what might be expected, as pure water is known 

to be incapable of forming bubbles. 

The effect of this is very marked in the discharge from the tubes, 
both in delivering above and below water. In the former case, 
with pure water, the discharge of steam and water is periodic. 
The water and steam are discharged quite separately, but with 
a priming water the discharge is a steady one, consisting of a 
mixture of steam and water in the form of very wet foam. In 
the case where the tubes discharge below water, the flow appears 
to be unsteady in both cases; when the water is pure, the water 
and steam are discharged together, as in the above water delivery, 
then at the pause in the flow the water runs back into the tube 
on to the ascending column, so that there is to some extent an 
alternating flow in the upper ends of the tubes. This occurs in 
the same way with a priming water, only to a more marked 
extent, columns of foam being thrown the full height of the 
separator. In this way tubes delivering below water are capable 
of causing a priming effect, when tubes delivering above will 
not do so. 

The impurities in water which may cause priming are not 
easy to determine. It is well known that waters which do not 
prime by themselves, when mixed do so in a most astonishing 
manner ; for example, either salt water or pure water may work 
in a boiler without priming, but by mixing the two very bad 
priming is started. I have tried water taken from the Thames. 
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at the Nore, and well water from Sheerness ; both these are good 
samples of priming waters, but when mixed in about equal pro- 
portions produce such a priming mixture that the very slowest 
rate of evaporation causes violent foaming. As this mixture 
corresponds with the water used during part of the Speedy’s 
trials, the priming then experienced is now explained. 

Returning to the question of circulation. It has generally 
been admitted that it is necessary to provide tubes other than the 
steam generators for conveying the water from the separator to 
their lower ends. If this is not done, it is evident that some of 
the generating tubes must serve this purpose; or if this is not 
the case, the motion of water in the tubes will not be a circula- 
tion, but only motion alternating in direction, which is not 
favorable for preventing the formation of scale, or providing the 
necessary supply of water to prevent their over-heating. 

At first sight, it would appear that in my improved type of 
boiler as fitted in H.M.S. Daring [see page 156 of last number 
of the JouRNAL], the heat to which the down tubes are subjected 
might be a source of impaired circulation; but, if the question 
is examined, it will be found that owing to the fact that care is 
taken to mix the feed water with the large volume of water in 
circulation, and that these tubes are only exposed to the cooler 
gases, the heat required to bring the descending columns to the 
boiling point would be more than could be obtained in this way, 
while at the same time all heat added below the boiling point 
must be looked upon as a gain in efficiency, this arrangement at 
the same time making the boiler more compact, and enabling a 
larger fire grate area to be obtained in a given boiler-room. A 
gain in this direction is further increased by putting boilers side 
by side, and leaving out what in one alone would be the external 
fire-box walls. 

The fact that, in such an arrangement, the boilers form as it 
were one continuous mass has many advantages, including great 
simplicity of the casings, together with the reduction of their 
external areato perhapsa minimum. At the same time the exit 
for the gases from the boilers being along the center of the ship, 
they require very simple uptakes to the funnels. 
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As each fire is common to two boilers, one boiler cannot be 
put out of action without another boiler losing half its fire, but 
this boiler would still do half duty, as half its surface would be 
in no way affected. So I do not consider this any objection to 
the arrangement. The very large volume of space above the fire 
in these boilers is very advantageous to ensure complete com- 
bustion of the furnace gases. In boilers of the Speedy type this 
space had already been increased far beyond that usually adopted 
in other boilers, but in this type the fire box is larger still, and I 
think there is no doubt that an advantage is thereby gained. 

In some boilers where this space is limited, special means 
have to be provided to ensure proper combustion before the 
gases come in contact with the heating surface. 
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WATER-TUBE BOILERS. 


By J. T. Miron, 


[Read at the Thirty-fifth Session of the Institution of Naval Architects, 
March, 15, 1894.] 


At the meeting of the Institution held at Cardiff, in July last, 
I had the honor to read a paper “On the present Position of 
Water-Tube Boilers for Marine Purposes.” Since that date 
some more experience has been had with these boilers, and, as 
the matter is one in which all marine engineers take much in- 
terest, and in which many of them are now exercising their in- 
genuity and inventive talent, I have thought that another paper, 
giving further information of some types of boiler now being 
made, and inviting criticisms of points of detail, both of prin- 
ciple and of construction, would meet with the approval of the 
Institution, and would be of service at the present time. 

Since writing the major portion of this paper I have received 
the proceedings of the International Engineering Congress, div- 
ision of Marine Engineering, held at Chicago in July and Aug- 
ust last. These contain an excellent paper on tubulous or coil 
boilers by Mr. C. Ward, the originator and maker of a type of 
water-tube boiler successfully fitted on board the U. S. S. Mon- 
terey. The boilers described in this paper are (1) Ward’s boiler, 
consisting mainly of nests of tubes one above another, bent into 
the form of concentric circles, each tube being, however, at- 
tached at one end to a descending header, and at the other to 
an ascending header leading into the steam spaces; (2) the 
Cowles boiler ; and (3) Mosher’s boilers, which may both be con- 
sidered to be modifications of the Thornycroft boiler; (4) the 
Towne boiler, consisting of water-slab casings, with two sets of 
inclined water tubes crossing each other, and a steam drum ; (5) 
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the new Herreshoff; and (6) the Roberts boilers, consisting of 
rectangular casings surrounding the fire. The paper further 
treats of the Belleville, the Thornycroft, and the Yarrow boilers, 
and is well worth careful study by all interested in water-tube 
‘boilers. ‘ 

Since reading the paper at Cardiff, the Babcock and Wilcox 
boiler therein described has been in continuous work at sea on 
the steamship Vero, and up to the present time has given satis- 
faction. The Thornycroft boiler, also, as fitted in H.M.S. Speedy, 
has been successfully tried, and has fully answered expectations. 

At the present time, a large number of water-tube boilers are 
being fitted in vessels for the Navy. The Belleville boiler is be- 
ing fitted in H.M.S. Sharpshooter and in two new armorclads. 
Another gunboat is being fitted with the Du Temple boiler, 
while the large number of new torpedo-boat destroyers being 
built are nearly all being fitted with water-tube boilers of various 
types, including the Thornycroft, Normand, Yarrow and Du 
Temple, previously described, and other types by Messrs. J. S. 
White, A. Blechynden and others. It must be admitted that, 
but for water-tube boilers, the very high speed of these vessels 
could not be obtained; so that if these boilers had not been avail- 
able, the vessels themselves would probably have had no exist- 
ence. 

Turning to the merchant navy, Messrs. Fleming and Ferguson 

are now constructing a pair of water-tube boilers for a vessel 
building by them, intended to be classed by Lloyd’s Register. 
These boilers are shown on Plate I. Each consists of a steam 
and water chest, 6 feet in diameter, and two water chambers, 
3 feet in diameter, extending the whole length of the boiler, 
and connected by numerous bent tubes. These chambers are 
connected outside the boiler casing by external circulating pipes 
of large diameter. The fire grate extends practically over the 
whole space below the water chambers, and the products of com- 
bustion rise up amongst the tubes on the way to the chimney. 

The tubes—which are of iron, lap-welded, 2} inches in diam- 

eter—are expanded in the chests and are afterwards beaded over. 
The chambers are built into the frame work of the boiler casing 
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before the tubes are fitted, so that the tubes have no strain on 
them due to the weight of steam chest, &c. 

It will be noticed that the tubes are all made with the upper 
end 2,; inches in diameter, and their length is such that they 
can all be put in place from the inside of the steam chest. Any 
‘one tube can be cut out and replaced without disturbing the 
neighboring tubes. Although the tubes are curved, owing to 
their comparatively large diameter, a light held at one end may 
easily be seen to shine through the other end if they are clear. 

A boiler of this general type has been at work on shore in 
Messrs. Fleming and Ferguson’s works for some time, and has 
given satisfaction, both as regards evaporative efficiency and also 
in giving no trouble whatever. 

The following table gives some particulars supplied by Messrs, 
Fleming & Ferguson, of the weights, surfaces, &c., of these va- 


rious types of boilers : 
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Messrs. Anderson & Lyall, of Glasgow, have made a boiler 
on the plan illustrated in plate II, but this type has not yet been 
tried atsea. The makers are of opinion that in order to abstract 
as much heat as possible from the products of combustion, they 
must be subdivided into a number of small streams, each of 
which must be forced to act upon a considerable extent of sur- 
face, and, to insure this, they have retained some of the heating 
surface in the old form of smoke tubes. 

In this boiler the water-tubes are not spaced close together, 
and a large space or combustion chamber is formed between 
them and the barrel containing the smoke tubes. These features 
of the design are intended to provide for the proper combustion 
of the furnace gases ; and in actual use considerable combustion 
and much evolution of flame takes place above the water tubes. 

The design illustrated shows water sides to the fire space, but 
the makers have proposed plans for forming these sides with 
iron casings, protected from the intensity of the fire by water 
tubes nearly in contact with one another, as is done in several 
other types of boiler. 

Messrs. Anderson & Lyall inform me that the total weight of 
boiler and all accessories, including chimney and water, of an 
installation they have under consideration, is 40 tons 3 cwt. 
The boiler will have a grate surface of 69 sq. ft.,and a total heat- 
ing surface of 2,340 sq. ft. This weight is equivalent to about 
38 lbs. per sq. ft. of heating surface. The working pressure will 
be 180 lbs. 

The boiler appears to have a very high evaporative efficiency. 
During a five-hours’ trial of January 31, 1894, with the shop boiler 
‘made on this plan, the evaporation was equivalent to 12.05 lbs. 
from and at 212°, the rate of combustion being 18.29 lbs. per sq. 
ft. of grate. The coals used were Welsh, samples of which were 
kindly tested by Mr. C. J. Wilson, and found to have a calorific 
value of 14,467 calories, equivalent to an evaporation of 14.97 
Ibs. of water from and at 212° Fahr. The steam generated was 
practically dry, the wetness found by the most approved method 
being less than one per cent. It may be stated that the trial 
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was controlled by my colleague, Mr. Stromeyer, and was there- 
fore, conducted entirely independently of the makers. 

A form of boiler used on the Continent is that known as the 
Diirr boiler. Those intended for marine purposes are very simi- 
lar in design to the land boilers made by the same firm. One of 
the marine type is shown in Plate III. 

The chief parts of these boilers are: 

(1) A water chamber extending over the front of the boiler 
divided into two parts by a diaphragm plate, which is made in 
portable pieces, each being secured by nuts threaded on the 
screw stays. 

(2) A number of slanting rows of tubes communicating at 
their upper ends with this water chamber, the lower ends being 
closed. 

(3) One or more steam receivers placed over the water tubes, 
connected at the front end to the water chamber. 

(4) A nest of superheater or drying tubes, placed over or be- 
tween the steam receivers. 

The water tubes are made at their front ends with rings 
welded on and turned conically, the conical portions fitting into 
the milled holes in the back plate of the water chamber, without 
requiring any expanding, rolling or jointing of any kind. As 
the tubes are placed at an inclination, while the water chamber 
is vertical, the tube ends have to be turned in a special manner 
to fit at the proper angle. The diameter of the tubes at the rear 
ends is somewhat reduced; these ends are closed by an end 
plate fitting with a conical joint kept in place by one bolt, with 
cross-bar, straps, &c. The tube ends are carried on an iron plate 
forming part of the framework of the boiler, protected with 
bricks, and the tubes are perfectly free to expand or contract. 

Circulation is obtained by means of internal concentric tubes 
fixed to the diaphragm plate, and communicating with the front 
part of the water chamber. These inner tubes reach nearly to 
the end of the water tubes. 

The water level of the boiler in ordinary working is about the 
center of the steam receivers. The water passes from these 
receivers down the front part of the water.chamber, then through 
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the inner tubes into the outer tubes, where part of it is evaporated. 
The steam and water then pass out of these tubes into the rear 
part of the water chamber, whence they are led into the receivers. 

The water tubes at the sides are placed as near each other as 
possible, to prevent loss of heat by radiation. This is effected 
by bending them alternately to the right and left. 

A hole is provided in the front plate opposite each water tube, 
to enable it to be drawn out or replaced. The holes in the outer 
plate are closed by hollow caps with conical fitting portions 
placed from the inside, and, like the tube ends, these caps fit 
tight without requiring any rolling or jointing of any kind. The 
taper ends of the tubes, and also of the caps, are untooled at the 
extreme ends; these portions, therefore, are of slightly larger 
diameter, the collar forming a stop, which is a safeguard against 
their being blown out from any cause. The tubes are cleaned 
on the outside by a steam jet. 

Baffle plates are fitted between the tubes to ensure a proper 
circulation of the furnace gases amongst the tubes. 

The superheater consists of concentric tubes similar to the 
water tubes, and the steam circulates through them in the same 
way, first passing through the inner tube, and then through the 
annular space between the tubes, where it is dried, or, possibly, 
superheated. 

The makers of these boilers, Messrs. Diirr & Co., of Ratingen, 
are represented for this country by Messrs. Van Rietschoten & 
Houwens, of Rotterdam, who have been good enough to furnish 
me with the particulars of these boilers. Although making 
principally land boilers, of which they have made 944, having a 
collective heating surface of over 1,000,000 square feet, during 
the last six years, they have made several marine installations— 
among others, two being for the German Navy. These boilers 
are also said to be giving perfect satisfaction in large paddle 
towing steamers working on the Rhine. Messrs. Rietschoten 
& Houwens inform me also that the German naval authorities 
have made experiments with these boilers, forcing them to a 
consumption of coal at the rate of 70 lbs. per square foot of grate 
per hour without developing any defects whatever. 
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Besides the boiler described in my previous paper, Mr. Yarrow 
has used another type, shown on Plate IV. This consists 
mainly of a horizontal steam and water chamber connected at 
‘both ends with water spaces, which are in turn connected by a 
‘number of water tubes. In this respect the boiler somewhat 
‘resembles the Lagrafel boiler. The construction of the water 
chambers, however, is different. Each tube passes through both 
chambers, being expanded into both front and back plates of 
both spaces. The top and bottom portions of the tubes are cut 
away at the parts passing through the chambers, leaving the 
sides intact. The sides, therefore, serve as stays, while the 
openings left by cutting away portions permit of the circulation 
of the water. The ends of the tubes are then stopped up, one 
end being fitted with a screwed plug, the other end being fitted 
with a gland and packing. 

A boiler proposed by Mr. A. E. Seaton is shown on Plate V. 
It consists of four segments, each connected to a horizontal 
cylindrical steam chest. Each segment is formed of a horizontal 
or slightly inclined cylindrical steam and water drum, connected 
at the front end directly to a deep water chamber. At the back 
end there is a somewhat similar chamber connected to the drum 
by means of a circulating pipe which enters the chamber at the 
bottom. The two water chambers are connected by a large 
number of slightly inclined water tubes of small diameter. The 
grate is placed beneath these nests of tubes, considerable space 
being allowed between the fire and the bottom rows of tubes. 
The circulation of the gases amongst the tubes is provided for 
by baffle plates, and by some of the tubes being arranged to 
touch one another, forming diaphragms. A feature peculiar to 
this boiler is that no stays are fitted to the water chambers, the 
outer ends of which are formed of ribbed or corrugated doors. 
One joint at each end, therefore, exposes all the tube ends simi- 
larly to the doors of a surface condenser. This is a point of 
much importance when considering the accessibility for cleaning 
or inspection. 

Another boiler adopted in the French Navy, and fitted in the 
Friant, Charles Martel, Elan, and other vessels, and also used in 
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several steam yachts, is shown in Plate VI. This boiler, de- 
signed by Mons. Niclausse, is made by the Cie. Anon. des Gén- 
érateurs Inexplosibles, of Paris. 

The boiler consists of a series of headers fitted side by side, 
each having a number of compound tubes fitted to it, the whole 
being placed above the fire and surrounded by a suitable casing. 
The headers each communicate at their upper open ends with 
the bottom of a horizontal cylindrical chest, which, when in 
work, contains steam and water, the water level being at about 
its center. The headers are made of malleable cast iron, and are 
each constructed with a center diaphragm dividing it into two 
portions, the inner serving as an upcast for the mixture of steam 
and water issuing from the generating tubes, the outer forming 
a space for the descending water. 

For each tube, holes are bored through the front and back of 
the header, and through the diaphragm of nearly equal diameter, 
those in the two outer walls of the header being slightly conical 
or taper, the smaller end of the hole in the outer wall being ex- 
actly the same diameter as the larger end of the hole in the inner 
wall. 

The steam-generating tubes are reduced in size at the rear end, 
and are closed by iron cap nuts screwed on to them, the nuts 
being slightly smaller than the diameter of the tubes. The front 
ends of the tubes are secured to malleable iron castings, termed 
by the makers “lanternes.” These “lanternes” are turned with 
conical surfaces where they fit the walls of the headers. The 
parts near the tubes which fit the back wall are thick and rigid ; 
the front ends, however, are made thinner, to give more elasticity. 
The “lanternes” are all turned to gauge, so as to be absolutely 
interchangeable. The middle part of the “lanterne’ fits easily 
into the hole in the diaphragm ; its shell is cut away at top and 
bottom, so as to afford freedom for the motion of the water in 
circulating. Inside the steam-generating tube is placed a smaller 
water-circulating tube, which is secured to a smaller “ lanterne” 
fitted inside the other, but extending only from the front of the 
header to the diaphragm. The front joint of this inner “ lan- 
terne” is screwed. 
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The tubes are arranged in pairs, each pair being kept in place 
by a cross girder fastened by a stud screwed into the header. 
The construction of these details is shown by the sketch in Plate 
VI, drawn to a larger scale. 

In practice it is found that the tubes are readily removable from 
the front of the boiler, and may be replaced quickly, the boiler 
thus affording exceptional facilities for cleaning and inspection. 

Some tests have recently been made with this boiler under 
forced draft with very satisfactory results, the steam being pro- 
duced freely and being found to be dry. Other experiments 
have been made by feeding the boiler with impure water, but its 
ready accessibility for cleaning has enabled it to withstand ex- 
ceptionally bad treatment in this respect without derangement. 

A boiler designed by Mr. A. Blechynden, and being made by 
the Naval Construction and Armaments Company at Barrow, is 
shown on Plate VII. In general design it presents some features 
in common with the Yarrow boiler, but it will be observed that 
the tubes are not straight, all being slightly curved, while the 
outer rows are made to shield the casing similarly to the outer 
rows in the Thornycroft and some other boilers. The outside 
circulating tubes are very small. 

A noticeable feature in the boiler is the plan by means of which 
any single tube may be cut out and replaced from inside the 
steam chest without disturbing the neighboring tubes. 

Plate VIII shows a boiler which has been made and success- 
fully used by Mr. J. Samuel White, of East Cowes. It consists 
primarily of two lower water chambers and an upper steam chest 
connected by numerous water tubes, the whole being enclosed 
in acasing. The grate is below the level of the lower water 
chambers, a considerable space being allowed between the fire 
and the lower parts of the tubes to serve as a combustion cham- 
ber. The front and back of the casing are shielded by 14-inch 
tubes, which are reduced at the ends, so as not to unduly weaken 
the chambers where they are joined to them, and two longitu- 
dinal diaphragms of nearly vertical tubes, touching each other 
and with similar reduced ends, extend from the front nearly to 
the back of the boiler, forming return flues. The products of 
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combustion have-thus to pass from the grate down the center of 
the boiler and return along the side flues to the chimneys. The 
flues are filled with a number of double spirals of smaller tubes. 
These are clearly indicated on the engraving. The diaphragm 
of tubes mentioned as forming the division between the flues is 
supplemented by baffle plates where required. Very ample ex- 
ternal circulating pipes are provided. 

The provision for the circulation of the furnace gases by means 
of the return flues is such as to insure their being brought inti- 
mately into contact with the heating surfaces, and to effectually 
prevent their taking a short cut to the chimney before parting 
with their heat. 

Turning now from the descriptions of the individual types of 
boilers, let us consider what are the special qualities in which 
water tube boilers are supposed to surpass the ordinary boiler. 
It must be remembered that unless the balance of the advantages 
and disadvantages in any particular case is decidedly in their 
favor they are not likely to be used, as the preference would 
otherwise be given to the old, well-tried form. The advantages 
are mainly: 

(1) The means of obtaining higher working pressures than can 
be obtained with ordinary boilers, owing to the excessive thick- 
ness of plates which would be necessary both for the shells and 
for the heating surfaces. 

(2) Economy of maintenance. 

(3) Decrease of weight and space required for producing a 
given power, or an increase of power obtainable with a given 
weight or in a given space. 

(4) Less liability to serious accident through damage by 
neglect, and also, in case of such damage, less serious conse- 
quences, owing to the small quantity of water they contain. 

Regarding the first of these considerations, it may at once be 
conceded that with a// the types of water-tube boilers very high 
pressures may be obtained. It is probable that the limit in this 
respect will, for many years to come, depend not upon the 
boilers, but upon the engines which have to use the steam after 
it is made. 
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The objects of desiring to have steam of high pressure appear 
to be twofold. First, in order to obtain higher powers with a 
given size or weight of engine; secondly, as a means towards 
obtaining greater economy of coal consumption, the greater 
pressure rendering a greater range of expansion possible, and 
therefore making the engine more economical. In order to do 
this, however, it will be essential that the boiler supplying the 
higher pressure steam should be quite as economical as regards 
evaporation per lb. of coal as the present boiler, otherwise we 
shall be losing at the boiler what we gain at the engines. The 
boiler must also produce dry steam ; that is, there must not be a 
large percentage of moisture in the steam as delivered. 

For efficiency of evaporation two things are needed, viz, 
completeness of combustion, and proper circulation of the pro- 
ducts of combustion amongst a sufficient amount of heating sur- 
face to enable the latter to abstract the whole of the available 
heat from the former, which should reach the chimney com- 
paratively cool. These conditions involve both space and 
weight, and are thus to some extent in antagonism with the re- 
quirement of large power on small weight and space. Different 
types of boilers, therefore, according as the requirements of 
economy or of large power predominate in the conditions they 
have to fulfill, provide for these factors more or less completely. 

As regards perfection of combustion, it is recognized that so 
long as coals are used as fuel, sufficient air must be supplied, 
either through or above the grates, to properly burn the distilled 
gases from the coal, as well as the carbonaceous part of the fuel ; 
and that the mixture of gases and air require both time and 
space in which to become thoroughly mixed before their tem- 
perature is reduced to a certain critical point, below which fur- 
ther combustion is not possible. In ordinary boilers with 
roomy combustion chambers these conditions are fairly well 
met, and in some of the water-tube boilers also these conditions 
are sought to be obtained; in others, however, in which the 
products of combustion are hurried direct from the fire into the 
narrow spaces between the tubes, economy cannot be expected. 

Mons. D’Allest, the originator of the D’Allest boiler, attaches 
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great importance to this point, and his views are borne out by 
the trials quoted in the Appendix of my previous paper, some of 
which are reproduced in English figures in Table II. These 
trials, made by French naval officers with boilers of very similar 
design in all respects, except that of the circulation of the furnace 
gases amongst the tubes, and under similar conditions, showed 
that where the furnace gases rose straight up amongst the tubes, 
imperfect combustion resulted, smoke of great intensity being 
produced, while the evaporation was only equivalent to 7.25 Ibs. 
of water, from and at 212 deg., per lb. of coal; in the other boiler, 
in which the gases passed first into a roomy chamber, where 
more complete combustion took place, and then traversed the 
same amount of heating surface, there was no smoke, and an 
average of 10.76 lbs. of water evaporated from and at 212 deg., a 
result not only excellent in itself, but remarkable as being almost 
50 per cent. in excess of the other. If the natural-draft re- 
sults only are taken, the average is 11.21 lbs. of water from and 


TABLE Il. 


VARIOUS PARTICULARS OF EXPERIMENTAL TRIALS MADE WITH 
D’ALLEST BOILERS. 
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at 212 deg. Attention is also called to the results obtained 
with forced draft in the cases of the 2,000 and 9,000 I.H.P. 
vessels. These experiments are very valuable, being made by 
French naval officers, entirely independent of the makers of the 
boilers, and therefore disinterested. The importance of pro- 
viding for proper combustion and circulation of the furnace 
gases amongst the heating surfaces is shown also by the results 
of the experiment made by Mr. Stromeyer on Messrs. Ander- 
son and Lyall’s boiler, the results of which have already been 
given. 

Under the head of economy of maintenance, many points have 
to be considered, some bearing generally upon design, others on 
details, and the question also of the size and material of the 
tubes is important. 

Regarding the material of the tubes, it appears that, at : Seale 
with the smaller tubes used with the very light type of boiler, 
seamless steel is the most suitable, although seamless copper and 
lap-welded iron tubes have been used. The seamless tubes are 
preferred, not because of the relative weakness of the weld in 
lap-welded tubes—for even welded tubes, of the small sizes used, 
possess an enormous margin of strength in proportion to the 
working pressure—but in order to obviate the possibility of 
minute imperfections in the weld, which have the effect of reduc- 
ing the thickness available for resisting corrosion, it having been 
found that occasionally an almost imperceptible corrosion would 
open a minute hole through the tube at such a defect, com- 
pletely spoiling it. Undoubtedly seamless tubes would possess 
the same superiority over welded tubes, even for the larger sizes 
of water tubes. 

While recollecting the good work which iron lap-welded tubes 
have done in the past, as ordinary boiler tubes, it should be re- 

‘membered that the corrosive influences to which they are sub- 
jected, are on the outside, where the weld is more likely to be 
perfect than the inside, and where, if any imperfections exist, 
they are at once visible. If water-tube boilers‘come into general 
use, however, our tube-makers must supply us with seamless 
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tubes at a reasonable price. With the demand for them, no 
doubt they will be forthcoming. 

Next, with the small tubes, comparatively thin tubes must be 
used; but with larger tubes this is not so necessary, and the 
greater thickness will give larger margins against wear and tear 
and corrosion, than can be obtained with smaller tubes. In most 
of the types of boilers, the most vulnerable parts appear to be 
the tubes, if we except, perhaps, the furnace fittings, which 
are in general not dissimilar to those of other boilers. In most 
of the boilers it is a comparatively simple operation to renew 
any individual tube, although in some boilers it would appear 
to be necessary to remove several tubes to obtain access to 
others. 

Another point, as to which great differences present them- 
selves amongst the various types, is the facility for examination 
and cleaning. In this respect those boilers have the advantage 
in which the tubes are straight, and of sufficient size to enable 
them to be looked through. Those also in which an examina- 
tion can be made without the breaking and remaking of numer- 
ous joints have an advantage over those requiring one or two 
joints to be broken for every tube that has to be examined. 
Then, again there are joints and joints; some are metal to metal 
joints, others require jointing material. The former would in 
general appear to require more skill and care in making than 
the latter, but would probably be more satisfactory and per- 
manent when once properly made. 

The above remarks as to joints apply only to what may be 
called door joints. The joints between the tubes and water 
chambers, or between different lengths of tubes, again vary in 
the different boilers. Some engineers prefer ordinary rolled or 
expanded joints; others demand screwed joints. In some of 
the boilers, with zig-zag arrangement of tubes, the number of 
screwed joints at the bends or elbows is very great. 

Some of the boilers described may be made equally well of 
large or of small size. For instance, the Belleville boiler may 
be made with as few as four elements, or a much greater number 
may be employed. In small vessels, where it is required to sub- 


WATER-TUBE BOILERS. 371 


divide the power, it will be advantageous to make them of small 
size; but in large-powered vessels, and in those in which it is 
desired always to work at about the full power, great subdivi- 
sion of boilers appears to bea mistake, a less number of larger 
boilers being more easily attended, and requiring less complica- 
tion of fittings and pipes. 

An important point bearing upon the question of durability is 
the possibility of keeping the outsides of the tubes free from 
soot and from the accumulation of fine ashes, the latter, espec- 
ially when moisture is present, being very destructive to iron 
structures. Great differences exist amongst the various boilers 
in this respect. Another point which must not be overlooked is 
whether the design provides for a depositing chamber in which 
the impurities of the feed water will accumulate. Although it 
is fully recognized that these boilers demand absolutely pure 
water for feed, and evaporators and filters, &c., are supplied, yet 
it is inevitable that some sea water and other impurities will 
occasionally be introduced into the boilers. These appear, in 
the main, to become separated out from the water into a solid 
form more at the time the water is being raised in temperature 
to the boiling point, than during the time the water is being 
evaporated. Those boilers would appear to have an advantage 
which provide, in the course of the circulation of the water, 
quiet places in which the impurities can settle without encrust- 
ing the heating surfaces. 

The importance of the proportions of the weight and space 
occupied to the power of the boilers varies much in different 
vessels. In ordinary cargo steamers both considerations are 
comparatively unimportant. The first consideration in these 
vessels is economy of coal consumption, and the boilers which 
give the best results in this direction will be preferred to others, 
even if they occupy more space and are considerably heavier. 
In passenger steamers, however, the weight and, more especially, 
the space occupied are important; but in these vessels also, 
especially those engaged in long voyages, economy of coal con- 
sumption is still of vital importance. 
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In war-vessels, however, the case is very different. What may 
be termed the weight efficiency and space efficiency assume the 
first importance, the questions of economy and durability taking 
relatively second place. In some cases, indeed, the question of 
economy hardly comes in at all, the question being mainly that 
of obtaining the greatest power on the smallest possible weight 
and in the small space available. In other cases, however, com- 
bined with the question of large power is the requirement of 
economy of consumption at low power. It is evident, therefore, 
that the same type of boiler can hardly prove to be the best for 
all purposes. 
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CYLINDRICAL VS. WATER-TUBE BOILERS. 


ON THE COMPARATIVE MERITS OF CYLINDRICAL 
AND WATER-TUBE BOILERS FOR OCEAN 
STEAMSHIPS. 


By James Howpen, Esq. 


[Abstract of paper read at the Thirty-fifth Session of the Institution of Naval Archi- 
tects, March 15, 1894.] 


A comparison of these distinctive types of boilers appears to 
be not inappropriate at the present time, which witnesses another 
revival of the water-tube boiler for sea-going steamers, after the 
frequent, but hitherto abortive attempts, which have been made 
for this purpose during the last thirty-five years. This revival 
of the water-tube boiler is the more remarkable because of the 
claims made by its supporters of its superiority to the cylindrical 
boiler, whose speedy extinction by it some, at least, confidently 
predict. This hope or expectation, for it is as yet unrealized, of 
the new school of boilerists, is also remarkable in being enter- 
tained in view of the following facts regarding the cylindrical 
boiler : 

(1) In being entertained, after thirty years of uniform, unri- 
valled and continuing success of the cylindrical or “Scotch” 
boiler, for every usable or practicable steam pressure yet required 
in sea-going steamers. 

(2) In being adopted at the period when the cylindrical boiler 
is still rising in efficiency, and when examples of single boilers 
of the type, in moderate dimensions, supplying steam of 200 
pounds working pressure for 2,500 I.H.P., are being worked at 
sea without the slightest feeling of risk, damage or inconvenience. 

(3) In being advocated in view of the indubitable fact that the 
design and introduction of the cylindrical boiler was chiefly 
owing to the failure of the water-tube, sectional, and all other 
forms and types of boilers to supply sea-going steamers with 
high-pressure steam safely, easily and economically ; and in the 
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face of the still more important fact that, from the day of its in- 
troduction, all the serious troubles and vexations previously 
caused by the other types of boilers named came to an end, and 
the cylindrical boiler quickly became the universal type for 
steamships solely by reason of its unrivalled merits. 

[Mr. Howden then goes at length into the early history of 
water-tube boilers, the increase in boiler pressure, and the suc- 
cessful introduction of the cylindrical or Scotch boiler. ] 

(1) So strong is the shell of a cylindrical boiler built of steel 
plates and riveted in the usual manner, that even if made of half 
the thickness required by the Board of Trade it would be impos- 
sible to burst it, however large in diameter, by any steam pressure 
that could be raised within it. The percentage of elongation 
required to break boiler steel is so great that before one-fourth 
of it could be reached by undue internal pressure each rivet and 
joint would become a safety valve and effectually prevent 
bursting. 

The furnaces are likewise of the most perfect form to resist 
collapse under pressure. The several well-known forms of fur- 
naces used in marine boilers for the highest pressures, and for 
diameters over 4 feet, prove that even the largest size can be 
safely used. Should it be said that the furnaces sometimes 
collapse, and that this is a weak point in the cylindrical boiler, 
I admit that furnaces do sometimes collapse, owing to the plates 
above the fires overheating from deposit of grease or heavy 
incrustation, but I have never heard of one such case where any 
rupture of the furnace plating has occurred so as to create 
danger. The more careful treatment of the feed water now 
common should make these cases more and more rare, but 
absolute security against collapse can be obtained by the use of 
ringed furnaces, where the pitch of the rings is reduced some- 
what as the pressure increases. Even with very great overheat- 
ing of the furnace plates, only slight bulging can be produced 
in these furnaces, and collapse is impossible with water in the 
boiler. The tubes of the cylindrical boiler, even when a leakage 
occurs, cause little trouble and no danger. Plugs can be pushed 
in from the smoke-box end to stop most of the leakage, if not 
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all, and it is generally not necessary to do more until arriving 
at a port, when, if a spare tube is not at hand, a tube stopper 
will enable the boiler to run for months without replacing the 
defective tube. 

(2) It contains within one enveloping shell its water, steam, 
fires and fire gases, while the heat generated, until it leaves the 
boiler, is entirely utilized for its proper purpose of evaporation 
by being surrounded by water from first to last. This feature 
ensures a more effective heating surface and greater proportional 
economy than can be attained by any other type, such as the 
water-tube boiler, not possessing this feature. 

(3) The fire gases act on the smaller interior surface, while 
the water receives the heat on the larger exterior surface of the 
communicating plating. This feature ensures a quicker and 
safer evaporation than when the conditions are reversed, as in 
the water-tube boiler. 

The effect of these two latter distinctive features of the cylin- 
drical boiler and boilers of similar class is, that from the com- 
bustion of an equal quantity of coal, and with an equal heating 
surface, a considerably greater evaporation, or power, will be 
obtained from the cylindrical than from the water-tube boiler, 
while a much higher rate of combustion can be safely utilized in 
the former than in the latter type. 

The greater economy of the cylindrical boiler here claimed is 
proved by the fact that an equal, if not greater, evaporation per 
pound of coal is obtained in this boiler from two-thirds to one- 
half the amount of heating surface than that required in water- 
tube boilers. This will be clearly shown from examples given 
further on. In proof of a much higher rate of combustion being 
more safely utilized in the cylindrical boiler, I point to the fact 
that from the very small surface of the furnaces of a cylindrical 
boiler, if of fair length, about one-half of the total evaporation is 
obtained with absolute safety, in some boilers even for twenty 
years, without injury, from the same furnaces. I may point to 
the analogous case of the locomotive furnaces, though not nearly 
so favorably disposed as the semi-circular form of the cylindrical 
boiler, in support of the astonishing extent of evaporation per 


Er 
i 
3 
| 
= 
| ig 
a 
» 


376 CYLINDRICAL VS. WATER-TUBE BOILERS. 


square foot of surface which can be safely taken from such fur- 
naces. The limit of safe quantity in the cylindrical boiler has 
not yet been half tested. 

Examining now the water-tube boiler and its distinctive feat- 
ures, we find that it is composed of a large number of separate 
parts having a separate connection with a common feed-water 
vessel or vessels at their lower ends, and with a common steam 
receiver or receivers at their upper ends. Further, that the heat 
is received on the outside or larger plate surface, varying more 
or less according to the diameter and thickness of the tubes. 
The evaporating action is, therefore, distinctly less favorable in 
this type of boiler, being in radial lines towards the center of the 
tubes, and in a confined space where the lines of motion converge 
on and repel each other, while the passage area for escape of the 
globules of steam being very limited, the tube surface, exposed 
to a high heat, cannot be so well protected by the water from 
its action as it is in the cylindrical boiler, where the quantity of 
water is large and common to the whole boiler, and where the 
globules of steam evaporated have vastly freer means of escape. 
That these features in the water-tube boiler make them less 
effective per square foot of heating surface, and less durable than 
the other, is abundantly proved by experience. 

If any water-tube boiler is worked at a high rate of combus- 
tion, such as is quite safe in a cylindrical boiler, say to give an 
evaporation of 10 pounds of water per square foot of heating 
surface, two results will inevitably follow: (1) If it is found cap- 
able of reaching this evaporative power, and I find no case of its 
being nearly approached by this type of boiler, it must have a 
short life and be utterly unfitted for any sea-going steamer, and 
(2) it must consume an enormously greater quantity of fuel than 
the cylindrical boiler per pound of water evaporated. It so hap- 
pens that in the water-tube boiler, even a moderate evaporative 
power, combined with a moderate economy, can only be had un- 
der conditions which shorten the life of the boiler, and prolonged 
existence, with a moderate economy, can only be secured by a 
greatly reduced evaporation per square foot of surface, and con- 
sequently a large increase in size and weight of boiler. As these 
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alternatives proceed from essential features pertaining to water- 
tube boilers when working, I may be pardoned for occupying 
time in further explanation of these features and their consequent 
results. 

The small tube-boiler, while much more efficient than the 
large tube boiler for mere purposes of evaporation, is, however, 
quite unfitted for ocean steamers. The chances of damage are in 
proportion to the number of its tubes. The thickness of the 
tubes must necessarily be limited in small diameters. The high 
temperature acting on the tubes next the furnace, which from 
the small sectional area of the contained water and its rapid 
evaporation, must always be filled with steam and water com- 
bined, and working under conditions fatal to longevity, while 
these, and the other tubes, are working under the continual risk 
of foulness of water, whether from grease, salt or other impuri- 
ties, which are present in all marine boilers more or less, what- 
ever precautions are taken, and which, sooner or later, will act 
upon the material of the tubes. If they are thin, they must go 
quickly, if thick, with proportional increase of water area, they 
will endure longer; and, if cap able of being well cleaned out at 
short intervals, their durability will be still further increased. 

Having said so much regarding the distinctive constructive 
features of these two types of boilers, and the action of the fire- 
gases in each, I must at this stage separate the class of water- 
tube boilers for torpedo and other light high speed steamers and 
the class for ocean steamships, with which latter I have chiefly 
to do. The former class, of which those designed and con- 
struced by Mr. Thornycroft and Mr. Yarrow in this country, 
and by Mr. Ward and others in America, give wonderful proof 
of what can be accomplished for short period, by great ingenu- 
ity combined with first-class workmanship and materials; but 
these boilers are quite unfitted for working at sea. The great 
number, smallness, and closeness of their tubes, on which their 
steaming qualities depend, while absolutely necessary to take up, 
with the necessary rapidity, as I have explained, the high heat 
from the rapid combustion of a large quantity of fuel, unfit them 
for continuous work at sea. If one tube gives way, the whole 
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contents of the boiler will find egress therefrom, and cannot be 
stopped. The boiler must then cease work, and be practically 
taken to pieces before the tube can be withdrawn and replaced. 
These boilers are suited for short periods of working only, and 
could not continue running at high power for days together at 
sea. There is a tendency at the present moment, both in this 
country, on the Continent, and in America, all more or less 
under the prevailing water-tube epidemic, to overrate these per- 
formances. The following table, compiled from actual perform- 
ances of vessels at sea, by Mr. McFarland of the United States 
Navy Department, the talented and courteous Secretary of the 
Marine Engineering and Naval Architecture Section of the 
Congress at Chicago, shows that even these small water-tube 
boilers under high forced draft do not put the locomotive 
type, which is analogous to the cylindrical type in its action, 
much in the shade in the matter of weight per indicated horse- 
power, while in all, or mostly all, other points the locomotive 
boiler is superior. 


COMPARISON OF VARIOUS TUBULOUS AND SHELL BOILERS. 


Shell, cylindri- 
Kind of boiler and { Thornycroft. 
Where used cruisers, Tripoli 
{ Cushing. Newark. and Folgore. 
cae 6 ft. 8 in. 
13 ft. 6 in, dia. 
Outside to ft. 7 ft. 8 ft. 19 ft. 5 in. long st 
Grate surface, square feet.....ssre-serssse 38 135 28 
Heating surface, square feet.........-+0+++ 2,451 4,185 1,116 
Ratio heating surface divided by grate 
surface 64.5 30.99 39.8 
Weight of boiler, empty, tons..........0 9 
Weight of boiler and water, tons......... II 80.12 15.6 
Air pressure in inches of water..........| %o 3 4 2.25 3-13 4-95 
Coab er hour, per square foot grate 
TRG... 7.58 42.23 | 66.32 40 98.3 120.8 
Evaporation from and at 212° Fah...... 11.9 8.84 2 er 6.97 6 
Actual evaporation from and at 212° Ww. 
Fah. per square foot heating surface.| 1.4 5.51 6.7 neesnec = 17.2 20.09 
Horse-power per 100 square feet of measured. 
heating surface on basis of 20 Ibs. 
steam per hour from and at 212° Fah.| 7 27.55 | 33-5 35-9 86 100.45 
orse-power per ton of boiler and 
water on same baSis........-..000-sseeee0e| 15.6 61.38 | 74.65 29.2 61.52 71.85 
Horse-power calculated from above 
Particulars. ..000ccccceseccccccesccoeccoocccoce 171.6 675.18 | 788.15 2,339-5 959-7 |1,120.86 


* Blowers discharging into open fire-room. 
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With water tube boilers capability of working at sea depends 
on the tubes being of a diameter large enough to contain a suf- 
ficient quantity of water to prevent rapid destruction from the 
heat, and of sufficient thickness to withstand rapid destruction 
from the water either in its friction or impurity. Another es- 
sential condition in water-tube boilers for ocean steamers is that 
the boilers be subdivided to such an extent that, in the event of 
an injury to one section, it could be shut off without greatly re- 
ducing the total power. Further, provision should be made for 
replacing injured tubes without practically having to take the 
boiler to pieces. 

I may be allowed, however, in comparing these boilers of the 
class capable of working at sea with cylindrical boilers to select 
the Belleville boiler for this purpose, as, in its latest form for sea- 
going steamers, it fulfills all the conditions I have specified as 
necessary for such steamers. The selection of the Belleville 
boiler for comparison must not, however, be taken as a reflec- 
tion on the merits of any other form of this class of boiler. 

That the conditions I have specified as necessary in water-tube 
boilers for sea-going steamers have been adopted by the Belle- 
ville Company shows that they have found them, from experi- 
ence, to be necessary. And I would here remark that, in ex- 
amining critically the design and arrangement of the Belleville 
boiler, it is impossible to withhold one’s admiration of the care- 
ful study which has been given to every point of detail, and for 
the provision made for minimising, as far as possible, the special 
dangers pertaining to this type of boiler. The tubes in the 
latest Belleville boilers for ocean steamships are 5} inches ex- 
ternal diameter, and from 3 inch to } inch in thickness. The 
boilers are subdivided into numerous sections, each of which 
can be detached from those adjacent, and special provision is 
made for the replacement of injured parts. I understand that 
there is a special arrangement of this boiler for war ships, with 
tubes 3 inches in diameter ; but as it appears that in all countries 
alike durability, safety and permanent efficiency are sacrificed 
in such ships to-erroneous ideas of lightness and high trial 
power, I shall not further refer to this form of the Belleville 


a 
<i 
{ iad 
re 
| 
| 
i 


380 CYLINDRICAL VS. WATER-TUBE BOILERS. 


boiler. The makers, from their wide experience, have had good 
reasons for adopting the large size of tubes they now use in 
boilers for ocean steamships. They are the only boilers I am 
aware of that have made long ocean voyages. 

Examining this boiler in its action and utilization of the fire 
gases, it will be evident, for the reasons set forth, that these large 
water tubes cannot be worked at a high rate of combustion with- 
out a great waste of fuel arising from the size and disposition of 
their tubes and their reduced efficiency per unit of heating sur- 
face. Even at what would be a low rate of evaporation per unit 
of heating surface in a cylindrical boiler, this water-tube boiler 
would allow a large portion of heat to escape up the chimney, 
and by radiation from the casings, if not specially protected. 

Coming to actual performances, I find that the steamers Po/y- 
nésien and Armand Behic are reported to have attained on trial 
8,000 I.H.P., while their average working power at’ sea is 5,000 
I1.H.P. The respective grate and heating surfaces in these boil- 
ers are 580 and 23,800 square feet. We have thus the following 
results : 


Trial. 
Heating surface per I.H.P., square feet...... eos 2.975 

Sea. 


I have no information as to fuel consumed, but, as the draft is 
directly upwards from the fire to the chimney, it must necessa- 
rily be high, and will require to be greatly checked to prevent 
waste of fuel. The consumption may probably be from fifteen 
to sixteen pounds per square foot of grate at sea. 

The boilers as fitted in these steamers are twenty in number, 
placed back to back and side by side, and fired from the wings. 
There are twenty furnace doors in each stokehold, or forty in 
all, but each two doors give access to a common furnace grate, 
so that each boiler has 29 square feet grate surface and 1,190 
square feet H.S. 

The space occupied by the boilers lengthways in the ship is 70 
feet, and 14 feet athwartships, with a height of 13 feet 4 inches, 
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not including uptakes. The weight, including water, all mount- 
ings and funnel, is 380 tons. 

_ These particulars enable us to compare their power, weight 
and the space they occupy in the ship with (1) the size, power 
and weight of cylindrical boilers capable of working continu- 
ously at the highest power attained by the Belleville boilers on 
trial—that is, 8,000 I.H.P.; (2) the size and weight of cylindrical 
boilers capable of working with ease and economy at the sea 
power of the Belleville boilers—that is, 5,000 I.H.P., but which 
can be worked as high as 6,000 I.H.P. when required. The 
cylindrical boilers I assume as working with my system of forced 
draft, it being easier, more comfortable, more economical and 
involving less wear and tear on the boilers than natural draft. 

These cylindrical boilers capable of maintaing 8,000 I.H.P. are 
three in number, double-ended, 14 feet 6 inches diameter by 19 
feet 6 inches in length, having six furnaces each 3 feet 7} 
inches inside, or mean diameter, or eighteen furnaces in all. Ag- 
gregate grate area, 360.5 square feet, and heating surface, 14,000 
square feet; 8,000 I.H.P. from these boilers gives 22.22 I.H.P. 
per square foot of fire grate, and 1 I.H.P. from 1.75 square feet 
of heating surface. 

I only mention here the fact that from furnaces of the same 
size there has been maintained over several years, in ordinary 
course of working at sea, equal rates of power per square foot of 
fire grate and per square foot of heating surface. 

The space occupied by these boilers with their non-conduct- 
ing covering is 45 feet by I9 feet 6 inches, or 877.5 square feet 
floor space, against 980 square feet floor space required for the 
Belleville boiler, or 102.5 square feet less space for the higher 
powered cylindrical boilers. The space occupied by the cylin- 
drical boilers is actually still less in comparison when the stoke- 
holds are taken into account. Those required for the Belleville 
boilers are two, 70 feet in length, and, as space must be given 
across the stokeholds to allow the parts of the boilers to be re- 
moved and repaired, the stokeholds must be quite equal in width 
to those required for the cylindrical boilers. Taking the width 
in both cases at 8 feet, and their lengths equal to that occupied 
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by the respective boilers, we have for the Belleville boilers (14 + 
8 + 8) X 70 = 2,100 square feet of occupied boiler-room area, 
and for the cylindrical (19.5 + 8 + 8) X 45 = 1,597.5 square 
feet, or only .76 of the space required for the Belleville boilers. 
These cylindrical boilers are, however, far beyond the power of 
the water-tube boilers. Taking their normal power at sea, as 
stated by Mr. Milton in his paper read at Cardiff, last year, at 
5,000 I.H.P., then two cylindrical boilers, 15 feet 6 inches diam- 
eter by 20 feet in length, will be amply sufficient for this power, 
each boiler having six furnaces 3 feet 9 inches inside, or mean 
diameter ; grate surface, 250 square feet; heating surface 10,000 
square feet. The indicated horse power per square foot of grate 
in this case is only 20, and the heating surface as high as 2 
square feet per indicated horse-power, leaving a considerable re- 
serve of power available when required. The space occupied 
by the boilers in this case is 32 feet by 20 feet, or 640 square 
feet, as against 980 square feet, and, if the same width of stoke- 
holds be taken for these boilers, we have (20 + 8 + 8) X 32 = 
1,152 square feet, against 2,100 square feet for the Belleville 
boilers of same power. Instead of therefore occupying less 
space in the ship, the Belleville water-tube boilers, in compari- 
son with the cylindrical of same power, occupy space as 1.82 is 
to I. 

In calculating the weight of the cylindrical boilers, I have 
taken their maximum pressure at 175 pounds, to ensure a con- 
stant working pressure at 170 pounds, Board of Trade rules 
being followed. 

The weight of the three boilers to maintain at sea 8,000 
LH.P., including the fans and engines and all forced-draft appa- 
ratus, water, funnel, and all mountings, as in the water-tube in- 
stallation, is 361 tons, or Ig tons less than the lower powered 
Belleville boilers. 

The total weight of the two cylindrical boilers with water, all 
mountings and forced-draft fittings complete, capable of main- 
taining easily the same power at sea as the Belleville boilers, 
economically and safely, is only 272 tons, or 108 tons less weight 
than the Belleville boilers. When examined, therefore, on the 
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points in which this boiler is supposed to excel, space occupied, 
and weight, it comes very far behind the cylindrical boiler when 
worked in the most effective manner. 

There is, however, in connection with this comparison of 
weights, the very important item of the weight of the water in 
the boilers of these two types. Though I have no means of 
calculating the weight of the water in the Belleville boilers, it 
is probable that it is not more than one-third that of the cylin- 
drical boilers, and about five-twelfths that of the two cylindrical 
boilers. But for the much smaller quantity of water carried in 
these tubulous boilers they would compare still worse in regard 
to weight than they do, for the necessary brick work and the 
enclosing iron casings, if got up in a durable manner, and so as 
to effectively prevent escape of heat from the furnaces and cas- 
ings in boilers for sea-going steamers, is often heavier than the 
shell plating of a cylindrical boiler of equal power. It is often 
overlooked that the specific weight of fire-brick is more than one- 
fourth that of iron, so that a g-inch wall of fire-brick is as heavy 
as 1% inch steel plate per square foot of surface. It is not, how- 
ever, sufficient to have only a brick wall to prevent escape of 
heat. This must again be covered by a considerable depth of 
non-conducting substance enclosed by an iron casing. 

In these tubulous boilers the aggregate weight is thus so far 
saved by the reduced weight of water carried. This is claimed 
by its advocates as a great advantage, but to practical engineers 
concerned in working steamships across the ocean with ease, 
safety and speed, this feature will be regarded as a serious de- 
fect. The cylindrical boiler owes no small part of its durability 
as well as its safe, steady and effective working, to the large 
proportion of water to heating surface it contains. 

The practice of the makers of the Belleville boiler, who 
have undoubtedly given most careful attention to all the weak 
points which their experience has shown attend the use of these 
boilers, is quite against the conditions Mr. Seaton desiderates, as 
they appear to use not one-tenth, but about one-third or so of 
the water in their boilers for mercantile steamers that would be 
used in a cylindrical boiler of same power. Yet they have evi- 
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dently experienced difficulty in the regulation of the feed water. 
I am informed that they now use an automatic regulation of the 
feed water, which requires only one attendant in such steamers 
as the Armand Behic, with her twenty separate boilers. If this 
is so, and this attendant is not assisted by others in the stoke- 
holds, this automatic feed regulator is a marvel indeed, and the 
attendants must be specialists of a very high order. What may 
be possible, however, as regards regulation of feed in these 
French steamers, maintaining, as nearly as possible, uniform 
speed and power from day to day, with trained specialists in 
charge, would be impossible and dangerous with ordinary men 
picked up promiscuously, as is almost universally done among 
the numberless steamships of this country. If one-twentieth of 
the steamships now running with cylindrical boilers were fitted 
with Belleville boilers, the casualties from this one difficulty 
with the feed water would, I am convinced, be legion. 

Taking the case of war ships and cruisers when in actual war- 
fare, with speeds varying rapidly from fullest possible to dead 
slow, with most variable stoppages and startings, automatic feed 
regulation would be utterly deceptive, and dangerous in the 
highest degree, without a man being in exclusive attendance on 
every two or three boilers at most, and, if a difficulty did once 
occur, it could not fail to multiply quickly. What this means 
on a large vessel, with forty or fifty separate boilers on board, 
can be easily imagined. A degree of safety attainable with these 
boilers in a merchant steamer with attention would be impossi- 
ble of accomplishment in a war ship at the very time when effi- 
ciency was most needed. I have, therefore, been unable to come 
to any conclusion as regards war ships than that even these tubu- 
lous boilers with large tubes are quite unsafe as well as unsuit- 
able. They may run trials with much success, and likewise may 
cruise at a steady speed for a lengthened period without mishap, 
but for meeting the conditions of actual warfare, they are, in my 
opinion, quite unsuited. 

It has been also claimed that the quick steam-raising proper- 
ties of the water-tube boilers would be a great advantage in a 
war ship when cruising in time of war and suddenly called upon 
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to steam at full power. The supposition, I believe, in this case, 
is that the war ship would have only some of her boilers under 
steam when the emergency arose, the greater part having merely 
the fire bars coaled ready for lighting. I can well understand 
how difficult it would be to maintain fires in water-tube boilers, 
even in the lowest possible state of combustion, when only a 
fourth or fifth of full power supply was being required. The 
difficulty with water-tube boilers would then, doubtless, be so 
great that only those boilers required for the actual steam sup- 
ply would be used, the others being merely prepared for light- 
ing. This would, however, be a most dangerous condition for 
a war ship to be in when, from sudden attack or other contin- 
gency, command of full power was of vital moment. What 
advantage would it be, although full steam could be got up in 
such water-tube boilers in an hour or an hour and a half after 
lighting fires? Ten or fifteen minutes, or less, would often be 
enough to decide loss or safety, victory or defeat, vital manceu- 
vers carried out or frustrated. 

As regards safety, I may point out that, in water-tube boilers, 
if one tube is injured, or any of the numberless joints give way, 
the boiler is entirely disabled, as all the water and steam in the 
boiler will find egress from the rupture if the fires are not drawn, 
which often may be impossible to do. The bursting of a single 
tube is a much more serious thing in a water-tube boiler than in 
a cylindrical boiler, and has every chance of being exceedingly 
dangerous, for under the high pressures now used the outflow 
may be so rapid as to fill the stokehold with steam, and necessi- 
tate the immediate exit of the attendants, if that is possible. 

Further, as is well known, every fitting, such as feed check 
valves, water gauges, with their cocks and pipes, stop valves, 
safety valves, blow-off cocks, and the numerous steam and water 
pipes connected therewith, creates an additional risk, and re- 
quires also additional care and attention. How much more 
danger, therefore, actually exists, and how much more care and 
attention should be necessary in the case of the Polynesien, and 
the other French steamers, in which there are twenty boilers 
and twenty sets of each of the different parts I have enumerated, 
27 
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than exists or would be required for the two or the three cylin- 
drical boilers equal in power to the twenty boilers, in which lat- 
ter two sets of each only are required in the one and three sets 
in the other ? 

The fact of the present “boom” in water-tube boilers for Naval 
purposes does not alter the facts regarding them which I have 
presented, and which will ever, I believe, militate against their 
adoption for mercantile steamers, though the admirable arrange- 
ment of detail, precautions in regard to feed water and facilities 
for repairs, together with the limited size and power of each 
boiler, and the considerable thickness of tubes, which the makers 
of the Belleville boilers have adopted for ocean mercantile steam- 
ers, will doubtless secure for them a considerable lease of life, 
and minimize some of the disadvantages I have pointed out. 
Yet these disadvantages being inherent in this type of boiler, 
they can never successfully compete with the cylindrical boiler. 

The country in which water-tube boilers are most largely 
used is the United States of America, thousands being at work 
on land, and a number, not yet large, in the river and lake 
steamers, chiefly of the steam launch size. It can be easily 
understood that in that great country, where the transport of 
large heavy articles inland is difficult and most expensive, if not 
impossible, there is a most legitimate field for the use of water- 
tube and other sectional boilers, consequently they are very 
largely in use there, and have been for many years. Notwith- 
standing this, I have never found any American so venturesome 
as to put such a boiler on board a sea-going steamer. Ship- 
builders and engineers on Eastern seaboard, like Messrs. Cramp 
& Sons, or the Union Iron Works of San Francisco on the 
Western seaboard, who build and engine sea-going steamers, have 
never used water-tube boilers for such steamers. If the great 
advantages of this type over the cylindrical boiler which its 
advocates in this country affirm belong to it were believed in by 
these practical Americans, you may be assured they would have 
been filling their ships with them by this time. No people are 
less bound by custom or tradition than Americans, or readier to 
adopt anything they believe to be superior to what they have 
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been previously using. As they have had for many years plenty 
examples of water-tube boilers of most ingenious and workable 
designs, the absence of these boilers in any American mercantile 
sea-going steamer is significant. 

I am aware that one of the steamers of the United States Navy, 
the Monterey, has fully two-thirds of her steam power in four 
water-tube boilers; but I am not aware that they have as yet 
been put to any trial extending over many hours of work at one 
time. The Engineering Bureau of the Naval Department have 
wisely fitted in that steamer, in addition to the coil boiler, two 
“Scotch” boilers. These two boilers have as yet, I believe, done 
all the cruising. The Americans mix a good deal of common 
sense with their boldness. The water-tube boilers used in the 
Monterey are Ward's coil boilers, a very ingenious design, 
especially the feature where the steam generated in each semi- 
circle of the coil is relieved by vertical tubes of larger section, 
through which it obtains access to the steam receivers above. 
The boiler is, undoubtedly, among water-tube designs a first-class 
generator of steam, but unquestionably its proper field of action 
is on shore, and not on board a sea-going steamship. 

I have thus endeavored to set forth the comparative merits of 
cylindrical and water-tube boilers for ocean steamships; and, I 
believe, that all who will examine this subject without prejudice 
must come to the conclusion that the cylindrical is by far the 
most suitable. 


DISCUSSION. 


The discussion on the two preceding papers was combined, 
and from abstracts, as well as subsequent letters on the same 
subject, published in “ Engineering,” the following opinions and 
statements have been compiled: 


Mr. Seaton said his boiler had been at work nine months; 
on the trial a tube had split, but since then there had been no 
trouble. He had found it necessary to reduce the fire grate, 
which had formerly been as large in proportion as those used in 
the Thornycroft or Yarrow boiler. «This reduction in grate area 
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had led to better economy. When making the alteration some 
tubes were drawn; on the outside a bituminous deposit was 
found, as if the surface had been tarred ; inside there was a slight 
deposit of mud, but the tubes were what he would call clean 
tubes. With regard to curved or straight tubes, he preferred 
the latter. With curved tubes one could not see from end to 
end; with straight tubes it was possible to do this. He did not 
believe in any boiler where it was necessary to destroy a lot of 
tubes to replace one. Neither did he believe in the “ priming 
boiler”; it did not seem to him good engineering to boil up the 
steam and the water together, trusting the former to go to the 
engine and the latter back again. The construction of water- 
tube boilers was now possible in consequence of the improve- 
ment in the manufacture of tubes, which could now be obtained 
solid drawn. 


Mr. Yarrow said that it was about seven years ago that his 
firm first commenced adopting straight tubes in their water-tube 
boilers, having been previously led away by what he believed to 
be the popular fallacy that curved tubes were necessary in order 
to allow for contraction and expansion. No doubt it was 
necessary to curve the tubes in some designs, but it did not 
follow that it was necessary in all. 

Although his firm had built a large number of water-tube 
boilers during the last seven years with straight tubes, it might 
be of interest to the meeting to know that they had never had 
a single leakage between the tube and tube plate. This fact 
proved, they believed, that there was nothing objectionable in 
the straight-tube system, whilst it clearly offered many advant- 
ages, both in construction and in service. Experience had 
shown that steel tubes, whether galvanized or not, rapidly de- 
teriorated, and if the tubes were galvanized on the inside a 
rough surface was caused, which, in some instances, retarded the 
circulation of the water. There was also the possibility of por- 
tions of spelter lodging in the tubes and partially blocking up the 
passage, or causing such an obstruction which would allow sedi- 
ment to collect. So far as his experience went, it led to the 
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conclusion that copper tubes were more durable than steel, but 
in the use of copper it was essential that it should be very pure, 
and that the tube, under all circumstances, should be below the 
level of the water and always filled, otherwise the copper might 
become overheated. Mr. Thornycroft had given the meeting 
valuable information concerning the circulation in tubes which 
are drowned, and also in those which lead at their upper ex- 
tremity to the steam space. In spite of the possible reduced 
circulation in drowned tubes, referred to by Mr. Thornycroft, 
the circulation was still ample for the purpose, and any more 
rapid circulation was unnecessary. He would state that his 
firm commenced experiments with water-tube boilers as far back 
as 1877, and put a water-tube boiler in a torpedo boat in the 
year 1889, and their experience indicated that very small 
changes in design materially affect the action of a boiler; small 
alterations in some cases making the difference between success 
and failure. If portions of the boiler be rigidly secured by 
stays, which are not subject to the same temperature as the 
tubes, serious strains may be set up, involving continual bend- 
ing of the tubes to meet continual variations of temperature. If, 
in such cases, the tubes be only slightly bent, it might lead to 
trouble, as small alterations in length involve considerable altera- 
tions in the curve necessary to conform to the variation in 
length. Consequently in cases where portions of the boiler are 
rigidly secured to one another, it is necessary that the bends in 
the tubes should be considerable, so that they can easily, and 
without excessive strain, suit differences of temperature. The 
practice of his firm was to aim at allowing tubes freedom to ex- 
pand and contract; and as the contraction and expansion of a 
group of tubes had been found to be nearly uniform under the 
conditions of working, any small difference of length seemed to 
be met by the elasticity of the material. Mr. Yarrow, and those 
who worked with him felt satisfied on this point, having made 
very careful experiments to test it, and he thought it would be 
admitted that it was most desirable, in fact almost essential, that 
access be freely obtained to the interior of the tubes for the pur- 
pose of examination and for cleaning. For these reasons he 
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was strongly in favor of straight tubes, which at the same time 
reduced the cost of construction, and was a convenience in actual 
working on account of the ease in supplying spare tubes. In 
this way there was avoided the large variety of forms of spare 
tubes necessary with boilers where the tubes were curved to 
different forms. 

It was often asked, Mr. Yarrow continued, how, in boilers such 
as those in H. M.S. Hornet and other previous vessels, they man- 
aged to replace the tubes. The form of boilers adopted in the 
Hornet, to which the speaker was referring, was not of the type 
described in Mr. Milton’s paper just read, and, as throwing some 
light on the subject, it might interest the meeting to know that 
on one of the trials with this vessel (in the boilers of which 
there are over 8,000 tubes) one of the tubes gave way on account 
of faulty manufacture, and the time occupied in taking out and 
replacing this tube ready for expanding was only 40 minutes. 
His firm were also led away in their first boilers with the idea 
that down pipes were necessary to insure circulation, and in all 
the boilers made by them up to three years ago they provided 
four down pipes, two at each end, these down pipes being suit- 
ably curved to allow for variations in lengths between the upper 
and lower portions of the boiler. For purposes of experiment 
they removed two of the down pipes, and found the action of 
the boiler unaffected. They then ultimately dispensed with the 
other two, with the same result, thereby saving both weight and 
length, and obtaining greater simplicity. Mr. Yarrow main- 
tained that those who had had both water-tube boilers of a 
satisfactory type under their management, and those of the loco- 
motive type, would be ready to admit that it required less skill 
to stoke a water tube boiler than a locomotive boiler, as with the 
latter it was necessary to keep the grate uniformly covered with 
fuel, for fear of admitting cold air, while with the former such care 
was unnecessary. In order to test the effect of sudden changes 
of temperature on one of his firm’s water-tube boilers, they had, 
when experimenting with it in the yard, forced it excessively, 
and had then suddenly pulled out the fire and stripped the boiler 
of its casings, so as to cool it as quickly as possible. They then 
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replaced the casings, lit up as rapidly as possible, raising steam 
to 180 pounds. The result of this somewhat severe treatment 
showed that there was not the slightest alteration in form or any 
injury to the boiler. The results obtained with one of the boil- 
ers of H. M. S. Hornet, Mr. Yarrow thought, would, perhaps, 
interest the meeting. It weighed complete, with fittings, smoke 
box, fire doors, fire bricks, funnel, casings and all boiler mount- 
ings, also including water up to working level, 5 tons 7 cwt. 
On carefully conducted experiments in the yard it was found 
that 12,500 pounds of water were evaporated per hour from 60 
degrees Fahr. to 180 pounds pressure. In order to compare the 
relative efficiency of water-tube boilers with locomotive boilers, 
there were the following facts: In H. M.S. Havock his firm had 
placed two locomotive boilers, and the machinery indicated on 
trial about 3,500 horse power, with an air pressure of 3 inches. 
In the Hornet, a sister ship, provided with similar engines and 
fitted with eight water-tube boilers, as previously mentioned, 
they obtained, with a very low air pressure, averaging 1} inches, 
4,300 horse power. The eight boilers in the Hornet weighed 11 
tons less than the locomotive boilers in the Havock. 

They had every reason to fear, from what they had been 
told, that trouble would be experienced in working a group of 
small rapidly evaporating boilers in the Hornet, but as a matter 
of fact, they had experienced no difficulty whatever, the feed be- 
ing arranged in, as it were, two stages. The feed pumps on the 
engines take their suction from the hot-well, and deliver into a 
reservoir at 50 pounds pressure, and from this reservoir the 
donkeys take their suction, each boiler being provided with an 
independent donkey. By this means a very ample supply of 
water was always insured on the suction side of the donkeys, 
and the pipes leading to them could be of moderate dimensions, 
in consequence of the 50 pounds pressure delivering the water 
readily to the suction side of the pumps. To insure the reser- 
voir always being well filled, there was a small amount of auxil- 
iary feed constantly passing into it, the surplus, beyond that 
which was necessary for the supply of the boilers, being returned 
to the tank through a relief valve loaded to 50 pounds. As was 
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well known, his firm had been strong advocates for the locomo- 
tive type of boilers, especially as the form they had adopted was 
found to work satisfactorily and to be durable ; but the recent suc- 
cess with water-tube boilers obliged them to advance with the times 
and to modify their opinion, a course more particularly necessary 
in view of the possible further rise of working pressures in the 
immediate future. The recent action of the Admiralty in, as 
it were, forcing on numerous contractors the adoption of water- 
tube boilers had frequently been unfavorably criticised, but Mr. 
Yarrow believed that time would prove the greatest possible 
credit was due to the authorities for having thus taken the initi- 
ative in the introduction in this country of a form of boiler which 
there was little doubt is destined to replace old types. He was 
fully convinced that, in spite of those failures which were natu- 
rally to be expected to accompany such a sudden change of 
practice, naval architects and engineers would, in a few years, 
recognize in the action of the British Admiralty a wise and im- 
portant step in the advance of marine engineering, and he be- 
lieved before very long that it would be generally admitted, not 
only in this country, but throughout the world, that the greatest 
credit was due to the authorities at Whitehall for having had 
the boldness to act as they had done. 


Mr. J. I. Thornycroft said Mr. Yarrow had mentioned a 
case in which he had cooled down one of his boilers and after- 
wards got up steam again, but he (the speaker) had emptied a 
Thornycroft boiler and filled it up with cold water without 
damaging it. He further said that, with regard to dryness 
of steam, Mr. Seaton had remarked that he did not like a foam- 
ing boiler. The speaker did not like to say much on this point 
at present, but so far as he could make out, when working with 
his boiler and evaporating 14 pounds of water per square foot of 
heating surface per hour, there was less than 2 per cent. of mois- 
ture in the steam. He had also made experiments with a 
drowned tube boiler, and found the steam drier than he expected. 
He thought this dryness of steam in the water-tube boiler might 
be accounted for by the bombardment of the steam by small 
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drops of water projected through it. Each drop would form a 
nucleus round which would collect the smaller particles of water 
due to dampness, and the whole would be precipitated, leaving 
the steam dry to go off to the engine. The action was probably 
much the same as in the case of fog passing through the branches 
of a tree, when the mist became deposited on the twigs, and 
dropped to the earth as water. With regard to straight and 
curved tubes, there was evidently a difference of opinion. Mr. 
Yarrow preferred them straight; he liked them curved. The 
curved tubes give a greater area of heating surface within a 
given space, and sudden changes of temperature would have less 
effect. It was a mistake to suppose that cold water could get 
into the heating pipes, as the flow was always upwards. As to 
the absence of the down-comer tubes, he quite corroborated what 
Mr. Yarrow had said, that the boiler would work without them, 
for he had plugged them up as an experiment; but if they were 
absent it was a matter of uncertainty whether the water were 
going up or down, and he thought if trouble did not ultimately 
arise from this cause, it would be fortunate. It had been claimed 
in other boilers, as an advantage, that the tubes were got at by 
means of a door, but in his boiler there were two doors, which 
also had the advantage of opening inwards. With regard to 
manholes and openings with machine- work, which could be 
operated quickly, it might be well enough with new boilers, but 
if they had been in use for some time it would be another ques- 
tion. 


Mr. W. H. White, speaking of the adoption of Belleville 
boilers for the Powerful and Terrible, said the Admiralty authori- 
ties had not decided on this course without due consideration, 
and had sent out an engineer to Australia to make passage in 
the vessels fitted with water tube boilers, in order that they might 
obtain full information of their working. Two years ago, when 
in France, he was impressed by the fact that.there was not then 
building for the French Navy any vessel whatever, from the 
largest ironclad to the smallest torpedo-boat, which had not a 
water-tybe boiler. The Admiralty, after the facts reported to 
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them in regard to the Australian boats, and from the experience 
gained by the Speedy and other vessels, had determined to fit the 
most tried types of water-tube boilers. Mr. Howden had given 
figures as to weight, and of space occupied by ordinary boilers ; 
he would ask if these figures were not based on certain figures 
which had been previously quoted in regard to the Howden 
system of forced draft. Mr. Howden replied that they were. 
Mr. White said in that case it laid the statement open to doubt, 
as Mr. Howden’s former figures had already been questioned, 
but, in any case, he did not think Mr. Howden’s unfortunate 
experience of years ago should be taken to bias present judg- 
ment of the water-tube boiler. 


Mr. Howden, after inviting attention to the record shown by 
the locomotive boiler on page 378, said: “Another case which 
illustrates the fallacy of the claims of the water tubists as to 
their boiler being absolutely indispensable for these fast torpedo- 
catcher steamers now being produced for Her Majesty’s Navy, 
is that of the Speedy, of Messrs. Thornycroft, one of the latest 
examples of these water-tube boilers, and which has given, I 
understand, about the highest—if not the very highest—results 
yet attained. The comparative case of the locomotive boilers is 
that of the Sate//it, built some time ago by Schichau, of Elbing, 
for the Austrian Government. These boilers, be it observed, 
are not worked with the closed-stokehold forced draft. 


Total grate surface.......0 216.6 sq. ft. 185 sq. ft. 
Weight of boilers, with water, uptake, funnel, &c.......... 90.4 tons, 96.1 tons. 
Weight of boiler and water per indicated horse-power.....43.32 lbs. 44.09 lbs. 
Indicated horse-power per square foot of heating surface.. .29 .56 

Total length of engine and boiler room......... IOI ft. 6 in. 83 ft. 8 in. 


The trials of the Sate/it were two in number, one of eight 
hours’ duration and one of six hours. The air pressure if ash pit 
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was from three inches to four inches water gauge. The boilers, 
on examination after trial, were absolutely faultless. The ves- 
sel, after trial proceeded from Elbing to Pola, in Austria, cross- 
ing the Bay of Biscay in midwinter. The boilers were found in 
perfect order on arrival after her long voyage, and she was im- 
mediately put in commission. These particulars I have from 
Herr Ziese, managing director of the Schichau establishment, 
who vouches for their correctness. 

He also submitted the preceding table, which called forth the 
remarks of Mr. White, previously quoted, and the correctness 
of which has been questioned in many quarters. 

The following are the explanations of the different columns : 

No. 1 column contains the particulars of the boilers of a cruiser 
belonging to a certain government which it is not necessary to 
specify. The boilers are constructed in the style of those of our 
Admiralty, and they are worked with the same forced draft. 
The weights were carefully and correctly taken. The indicated 
horse power given was that obtained on a four hours’ full forced- 
draft trial. The tube ends on this trial suffered some injury. 

No. 2 is the Babcock and Wilcox boiler fitted in the steamer 
Nero. The weight of this boiler in the Table I, exhibited at the 
meeting, given as “ over 40 tons,” was called in question by Mr. 
Rosenthal, representing the Babcock and Wilcox boiler, who 
said that with steam up the JVero’s boiler was under 30 tons 
weight. Though I had made considerable efforts to obtain the 
exact weight of this boiler with its fittings, and had sent a special 
representative to Hull for this purpose a considerable time before 
the date of the meetings, I had only then obtained the following 
particulars : 


Total weight of boiler, with water and casings, but without 


Weight of fresh-water tank and water, fitted with boiler........ 


Making together 


But in addition to the funnel and mountings not given, there 
was the reduction of the fire grate, by means of fire brick, from 
57 square feet to 44, besides fire-brick slabs being put on the 
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tubes to give a zig-zag circulation to the gases, all which was 
going on while my representative was at Hull. I felt sure that 
all these items would be more than 3 tons 11 hundreds 2 quarters 
17 pounds required to bring the weight up to 40 tons. Within 
the last eight days Mr. Spear, the owners’ superintendent, has 
informed me that the additional weight of the funnel, &c., is 4 tons 
5 cwt., and that the additional brick work used in the alterations on 
furnaces will notexceedaton. This,therefore,makes an addition 
of 5 tons 5 cwt., which, added to the 36 tons 8 cwt., makes 41 tons 
13 cwt. as the total weight of this boiler, with water and mount- 
ings, as now fitted in the ship. It is but right to mention that 
Mr. Spear says: “In regard to the fresh-water tank, probably 
after further experience we might be able to dispense with it.” 
When that time arrives, and it is found that the boiler can run 
safely without it, I would like the fact to be reported; but as 
this tank is meantime an integral part of the boiler fittings of the 
Nero, and, as in the other cases given in the table, all mountings 
and fittings whatsoever are included in the weights, and, in the 
forced-draft cases, the fans and their engines, with steam and air 
piping, as being necessary adjuncts, it is clear that this tank must 
meantime form part of the weight of the JVero’s boiler and fit- 
tings. 


[Mr. Rosenthal, the representative of the Babcock and Wilcox 
Company, said: “This tank was not fitted by ourselves, and in any 
case is no more a necessary accompaniment of the water-tube 
boiler than are the hundreds of tons of fresh water which are 
sometimes carried in the double bottoms of ships, and which 
surely he would not consider as part of the weight of the boilers. 

[“‘I would only add that in the design of the Vero the question 
of weight was not studied at all, and it is very much in excess of 
what we should fit for a boiler of similar power if we were desired 
to restrict the weight. I have also to state that the funnel and 
casing were made fully 30 per cent. heavier. than usual, at the 
desire of the owners.’ 

Column 3 contains the particulars of the Belleville boilers in 
the Messageries steamers Polynesien, Armand Behic, and others 
belonging to this company. 
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No. 4 column gives the particulars of three double-ended 
boilers, made to Board of Trade rules, for 175 pounds working 
pressure. The dimensions of shell for heating surface are what 
I recommend for steamers requiring a fair power per square foot 
of grate surface and heating surface, without the extra size and 
weight of shell, which conservative owners and superintendents 
mostly, as yet, desire even when working the boilers at a very 
moderate forced draft power. 

No. 5 column gives the dimensions and particulars of two 
double-ended boilers, calculated and proportioned in the same 
manner to supply steam economically at sea for 5,000 indicated 
horse power. 

No. 6 column gives the particulars of the boilers of the /7- 
diana and sister ships, as already mentioned. These boilers have 
been running regularly for several years between Philadelphia 
and Liverpool or Antwerp, and have developed the powers stated 
in their voyages across the Atlantic. These boilers are consid- 
erably larger and heavier than is required for the size of the fur- 
naces and heating surface, and have large water spaces. The 
water alone weighs 26} tons. It should also be mentioned that 
the weights of the cylindrical boilers I, II and III have been 
very carefully calculated and checked, and include every item 
connected with the complete installations. 

[On page 471 of Volume III of the Journat will be found 
some particulars of the machinery of the ///nois, a sister ship to 
the /ndiana, with copies of indicator diagrams taken on her of- 
ficial trial. The boiler is, apparently, identical with that of the 
Indiana, and the 1.H.P. shown by the cards, which were un- 
doubtedly good ones, is 1,257.—Ep1rTor. | 

No. 7 column gives particulars of boilers of 25,000 indicated 
horse power, calculated on Admiralty scantlings for shells. These 
boilers are given here as of equal indicated horse power to the 
proposed Belleville boilers for the Powerful and Terrible, and at 
25,000 indicated horse power would be worked on a consump- 
tion of about 1.5 pounds to 1.6 pounds per indicated horse power 
per hour, according to the size of the engines. 
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In considering the ratios of indicated horse power to heating 
surface and grate surface of the cylindrical boilers I, II and III, it 
will be noticed that they are less than that of the /mdiana and 
sister ships, so that the economical indicated horse power to be 
obtained from these three several installations is assured from the 
fact that fully more has already been obtained from cylindrical 
boilers at sea under less favorable circumstances than would now 
be brought to bear on such forced-draft cylindrical boilers as 
here specified, for it is to be understood that all these installa- 
tions are taken as worked under my system of forced draft. 

In comparing the sea-going water-tube boilers of this table, 
the Nero and Polynesien, it will be seen that the Vero's boiler is 
certainly not of a kind fitted for sea-going purposes. The indi- 
cated horse power obtained at sea, which I have stated at 450, 
though in the last statement I received it was given as 440 indi- 
cated horse power, is a power far too low for the heating surface, 
weight and size of boilers to make it suitable for steamships. I 
understand also that the consumption with even over 5 square 
feet heating surface per indicated horse power is considerably 
over that required for cylindrical boilers. 

In the Belleville boilers, though the trial indicated horse power 
is given at 8,000 and the heating surface even at that high power 
is not far from double that of the cylindrical boiler I, in column 
4, the consumption of coal, I am convinced, could not be less 
than 30 or 40 per cent. more than that of this cylindrical boiler 
installation when working at the same power. It will be seen, 
therefore, that the cylindrical boilers I, which occupy only .76 
of the space, and only .g5 of the weight, are not only more pow- 
erful, but would be in a vast degree more economical. 

As the ordinary sea working of the Belleville boilers is 5,000 
indicated horse power, installation No. II of the cylindrical 
boiler would be quite equal to them working at this power, and 
I am certain would be also much more economical. It will be 
seen that these boilers weigh 108 tons less, and occupy a space 
of only .55 that of the Belleville boilers. 

[It was stated that the Armand Béhic uses only 19 of her 20 
boilers, and that, therefore, Mr. Howden’s figures needed correc- 
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tion accordingly, 7. ¢., the grate surface wou!d be 551, the heat- 
ing surface 22,610 square feet, and the boiler weights 361 tons. } 

I am not aware of the dimensions of the Belleville boilers pro- 
posed to be fitted in the Powerful and Terrible, but I say that if 
they are to be capable of keeping the sea at a high speed the 
boilers cannot be much less in weight and in the space they oc- 
cupy per indicated horse power than the Belleville boilers of the 
Polynesien and sister ships. 

Though almost every possible merit is at the present moment 
being claimed for the water-tube boiler, I have not yet heard of 
any advocate so bold as toclaim that it is more durable than the 
cylindrical boiler. Mr. Milton, in his Cardiff paper of last year, 
mentions several small French steamers which had used water- 
tube boilers for a considerable number of years, but of the work 
which these boats have done, or the number of times these 
boilers have received new tubes or renewals of parts, no mention 
is made. It is well known that the tubes, which in every design 
form the principal part of the boiler, are frequently renewed. In 
most of the designs, and very noticeably in the Belleville design, 
this idea of providing for frequent repair is so prominent that it 
appears to be its dominant feature, and I think very wisely too. 
The feature also of great subdivision in these boilers arises 
entirely from this idea of frequent repair being necessary, further 
provision for it being thus made, as well as in the design of the 
boiler itself. The multiplication of boilers gives the opportunity 
of making repairs at sea without losing a large proportion of the 
boiler power when such repairs are being made. This I have 
heard stated frequently by its advocates as one of the advantages 
of the Belleville boiler. Since writing my first letter the follow- 
ing paragraph has appeared here from the Londen correspond- 
ent of the “Glasgow Herald”: 

“Much has been made of the breakdowns of the torpedo 
gunboat Sharpshooter in her trials of the Belleville water-tube 
boiler, but however annoying these are to the parties interested, 
they do not awaken surprise at the Admiralty. In the first 
place, it is always difficult to adopt new appliances under old 
and prescribed conditions, and, moreover, the breakdowns have 
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not all been associated with the water-tube boiler. The difficulty 
is the working of the automatic feed-gear. The water evapora- 
tion is so rapid and great that there is always present the liability 
to get out of gear. But the work of an hour or two puts it right. 
To meet this, I understand, French mercantile vessels have as a 
rule 10 per cent. more boiler power than they require, so that 
when anything goes wrong with one boiler there will always be 
a reserve boiler for use, and I learn that in the new cruisers 
Terrible and Powerful, building respectively by Clydebank and 
Barrow firms, there is even a greater than 10 per cent. ratio of 
reserve boiler power, so that even should the feed gear to any 
boiler fail to act, it can quickly be repaired, and the steaming 
efficiency of the vessel will not in the meantime be affected. The 
facility of repair is a most desirable feature, and no danger is 
involved in the breakdown of the gear.” 

The above no doubt gives the current talk of those in touch 
with our naval circles. When Mr. Milton, therefore, mentions 
that a certain water-tube boiler in a steamer is found, after some 
years’ working, to be in good condition, it should also be ex- 
plained how much of the original boiler is left, and how often 
the tubes have been renewed. 

There are many cylindrical marine boilers to-day doing duty 
as well after over twenty years’ constant work as they did when 
new. I may point, for example, to the original White Star 
Atlantic steamers running yet with the same boilers, and doing 
as good work, if not better, than when they started over twenty 
years ago. No doubt they have been repaired in some places 
and re-tubed, but the main structure is the same. 

I may instance the case of the St. Magnus, of the North of 
Scotland, Orkney and Shetland Steam Navigation Company, 
which I completed with new engines and boilers in February, 
1875. These boilers, now in their twentieth year, still carry the 
original pressure of 70 pounds, and, from inquiry made a week 
or two ago, the company’s manager informs me that there is not 
a patch or repair on any furnace, combustion chamber, or out- 
side shell—that is, no repairs for over nineteen years’ work, the 
tubes only having been renewed. The treatment has simply been 
28 


a 
: = 


402 CYLINDRICAL VS. WATER-TUBE BOILERS. 


that of fair attention when running, and frequent changes of 
water. As the steamer is laid up in the winter months—a con- 
dition often more injurious to boilers than working—the inte- 
riors are then washed out and dried, and no moisture allowed 
to gather on the plates while lying up. 

To show how cylindrical boilers are equally fitted for forced- 
draft working, and especially in regard to durability of tubes, 
which are supposed to suffer by forced draft, and do suffer 
greatly by closed-stokehold draft, I may instance the case of the 
boiler of the first steamer I fitted, the Mew York City, which has 
now been running constantly for nine and a half years. On in- 
quiry at the owners’ within the last few days, I find that not a 
drop of leakage has ever been found at a tube end, and that all 
the original tubes, with the exception of one, remain in good 
condition after nine and a half years’ work. The single tube re- 
moved was found to be chafed by the friction of the hanger of a 
zinc plate, and was therefore replaced. 

The Clan Line have now twenty-two steamers running with 
cylindrical boilers and the writer’s forced draft, beginning in 
1888. The company, within the last few days, have informed 
me that leakage of tubes or other troubles are unknown in these 
steamers; some of them, making continuous voyages of 23,000 
miles in length, have frequently had occasion to be sent off in 
three days after arrival in port on a voyage of similar length. 
There can be no repairs necessary in such boilers. 

The report mentioned by Mr, F. C. Marshall, of what a per- 
sonal friend had witnessed in Toulon and the South of France, 
the home of the water-tube boiler, that all ships lying there 
fitted with such boilers were having their tubes taken out, shows 
the constant repairs and renewals which these boilers require. 

It is surely unnecessary to say more in order to prove that 
the cylindrical boiler is as superior to the water-tube boiler in 
durability as it is in efficiency, and that the cost of maintenance 
must be in proportion to the durability and absence of renewal 
of parts. 

It is very generally supposed that water-tube boilers are 
safer than cylindrical boilers because of the individual parts be- 
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ing able to stand a very high cold-water pressure. This idea is, 
however, quite erroneous. The safety of a’boiler depends on its 
homogeneity, both in structure and contained water, the quan- 
tity of water contained, the equality of its strains, the thickness, 
within limits, of its material, its capability to receive and dis- 
pose of the greatest possible furnace heat most rapidly, and in 
having the fewest number of separated or detached parts. 

A leakage in a tube of a cylindrical boiler is an occurrence of 
no great consequence, such leakage generally arising from pit- 
ting, and begins with a very small hole, for which it is seldom 
necessary to stop the ordinary work of the boiler, as the tubes 
can be plugged so as to prevent leakage until a new tube is put 
in, or a proper tube stopper fitted, if no tube is at hand. As the 
pressure of the water is on the outside of the tube in a cylindri- 
cal boiler, the tendency is to prevent the rupture of the tube, 
while in the tubulous boilers, with the pressure zszde, the ten- 
dency is to cause a rupture. A leak in a single water-tube 
causes the stoppage of the boiler. : 

Regarding economy of fuel, I believe no one who has had any 
experience of cylindrical and water-tube boilers will fail to admit 
that the water tube falls considerably behind. The reasons must 
be obvious to those who have read my paper. It is a defect 
arising from the very nature of the water-tube boiler. The prin- 
ciples referred to in my paper show that by using judiciously a 
large heating surface of small and consequently short-lived tubes, 
the water-tube boiler may be made much less wasteful in fuel, 
and be capable of being worked with forced draft for the time 
the tubes may hold out; but even these boilers are much less 
economical than the cylindrical. For large water tubes capable 
of running at sea for a considerable period, the same principles 
will show that a high rate of combustion per square foot of heat- 
ing surface must necessarily be most wasteful in fuel. From a 
long experience and study of both cylindrical and water-tube 
boilers, I have no hesitation in deliberately saying that, compared 
with a properly worked cylindrical boiler, having one-half the 
tube heating surface of Belleville boilers, such as in the Messa- 
geries mail steamers, the latter would, at a moderate rate of com- 
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bustion per indicated horse power or per square foot of heating 
surface, require 25 per cent. more fuel per unit of horse power, 
and at a fairly high rate of combustion they would require from 
30 to 35 per cent. more than the cylindrical boiler. 

Mr. Milton gives some cases in his Cardiff paper on water- 
tube boilers, having, it is understood, tubes 2? inches in external 
diameter, of what appears to be a fairly economical rate, but on 
examination it is found that the rate of combustion in the most 
economical case, in which the actual evaporation is 10.66 pounds 
of water per pound of Cardiff coal, and 12.41 pounds from and 
at 212 degrees, is only 10.28 pounds coal per square foot of fire 
grate, and 3.06 pounds evaporation per square foot of heating 
surface. When the combustion was increased to the very mod- 
erate rate of 15.38 pounds per square foot of fire grate, and the 
actual evaporation to 5.50 pounds per square foot of heating sur- 
face, the evaporation per pound of coal fell to 8.96 pounds, or 
16.7 per cent. less, and when the combustion was increased by 
forced draft to barely 25 pounds per square foot of grate and the 
evaporation to 6.69 pounds per square foot of heating surface, 
the evaporation per pound of coal fell to 8.01 pounds actual, or 
24.77 per cent. This altogether proves my contention that the 
water-tube boiler cannot be worked at any high power without 
sacrificing fuel greatly. At extremely low rates of combustion, 
so low that no shipowner could afford to carry boilers of the size 
and cost for the trifle of work got out of them, such boilers show 
a fair economy, but long before they are worked up to an ordi- 
nary working rate the economy disappears, and consumption per 
indicated horse power rises rapidly. 

As I have shown that the heating surface of the water-tube 
boiler is much less effective than that of the cylindrical, the low 
rate of combustion gives the water-tube an immense heating sur- 
face to take up the comparatively small heat, and accordingly 
the fuel combustion is affected advantageously, and there is com- 
paratively little heat lost by radiation and by the waste gases, 
hence the economy. When the rate of combustion is much in- 
creased, the inefficient and wasteful character of the boiler re- 
veals itself. It must be remembered that the loss by radiation 
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in these boilers is often very great. In the cylindrical boiler it 
must be remembered the heat of the outside plating, which re- 
quires to be protected, can never be more than the temperature 
of the steam inside whatever rate of combustion is used, say about 
270° for 160 pounds pressure. This is easily dealt with by good 
non-conductors. It cannot, therefore, be a matter of surprise 
that at high rates of combustion the water-tube boiler, fitted for 
seagoing steamers, is a wasteful boiler. 

Mr. Milton in his recent paper mentions trials of Messrs, An- 
derson and Lyall’s combined boiler, where with Welsh coal and 
a combustion of 18.29 pounds per square foot of fire grate, the 
equivalent evaporation from and at 212° was 12.05 pounds. But 
as neither the grate surface nor the heating surface is given, 
whether this result is good or bad cannot be known. 

Notwithstanding the fact that the French mail steamships use 
large water tubes only, I am informed that our Government ships 
are not to be fitted with this sea-going water-tube boiler, but 
with the war ship kind, which have much smaller tubes. Now, 
this kind of water-tube boiler has not to my knowledge been 
tried but in war ships, and therefore any experience derived from 
the Messageries mail steamers is of no direct use. It is after all 
a practically untried boiler they are adopting. It will not be 
argued that the trials of the Speedy and such craft give any guid- 
ance for sea-going steamers. 

I now come to the consideration of Dr. White’s reasons for 
our Admiralty authorities adopting French water-tube boilers 
for the most powerful steamships of our Navy. These were, 
shortly, (1) the fact that all the steamers of the French Navy, 
large and small, were now having water-tube boilers; (2) the 
experience gained from the performances of the Speedy and 
other fast small steamers with water-tube boilers built by Messrs. 
Thornycroft and Mr. Yarrow; (3) the Admiralty authorities had 
before deciding on adopting water-tube boilers sent an engineer 
to Australia in the mail steamers of the Méssageries Maritimes 
Company, in order to obtain all information about their working. 

When the engineer from the Admiralty went one voyage to 
Australia to see these boilers at work, he appears to have been 
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struck with the fact that they could run continuously without 
breaking down, but, had he gone for ten years to Australia in 
our own ships without ever seeing a breakdown, he would prob- 
ably not have been surprised, because that is merely what he 
would have expected. 

The fact that the French Admiralty have gone in for water- 
tube boilers in their ships is easily explained. Some years be- 
fore our Admiralty, they began to fit their warships’ boilers 
with closed stokehold forced draft, and some of their boiler de- 
signs, which I have come to know of, were even more unsuited 
than those of our Admiralty for this injurious and wasteful 
system. The French Government, though testing their war- 
ships even less, I believe, than our Admiralty, saw and acknowl- 
edged their mistake sooner, and evidently thinking that these 
injuries arose from something inherent in the cylindrical boiler, 
and finding water-tube designs by their own countrymen which, 
when tried, did not leak at the tube ends, they at once began to 
use them exclusively. The French are idealists and patriotic, 
and as they found they could apparently do better with the new 
boiler than with the badly designed cylindrical boiler worked 
with an injurious forced draft, they adopted the water-tube 
boiler from a patriotic sentiment as well as from a belief in its 
merits. The highest subsidized company in the world, the Mes- 
sageries Maritimes, also tried these boilers, and, as is well known, 
have fitted the Belleville boiler, designed for working at sea, to 
a number of ships, and have worked them in a very admirable 
manner. 

Mr. Sampson made some fun over the remark in my paper, 
that if the automatic feed for the Belleville boilers was so perfect 
that one man, unassisted, could, with it, tend a ship with twenty 
boilers, this automatic feed regulator must be a marvel, and the 
attendant a specialist of a very high order. Mr. Sampson said 
the man was a specialist; he was an Arab. This fact explains a 
good deal, for all engineers in command of steamship machinery 
know that if they want orders to be strictly carried out to the 
letter, they find none who will do this so well as Orientals after 
they have been properly instructed in the duty required of them. 
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It therefore shows the wisdom of the French company in having 
such men to attend to the regulation of the feed water in their 
Belleville boilers. Mr. Sampson, however, not content with this 
score, went further, and in order to show how very perfect this 
automatic feed was, and also the little importance of having the 
water at any particular level in the Belleville boiler, said it did 
not require any attention, as it took care of itself, and even water- 
gauge glasses were not necessary, as the engineers in these ships 
were so assured of safety that the last thing they thought of was 
the water level. 


Mr. Sampson said: With regard to the automatic feed of the 
Belleville boilers, the efficiency of which Mr. Howden so per- 
sistently misbelieves, I can only repeat that feeding the boilers 
gives much less trouble, if any trouble there be, than with the 
ordinary marine type, and, moreover, although Mr. Howden re- 
fuses to take as a serious statement that vessels run at sea with- 
out gauge glasses, if he will take the trouble to come with me 
to Marseilles I will give him an opportunity of making a trip 
upon one of the ships in question, where he can witness facts for 
himself. If Mr. Howden were to ask the engineer officer who 
was appointed by the Admiralty to report upon the working of 
these boilers, he would learn that upon a voyage of 10,000 miles 
no gauge glasses were used, the engineers preferring to work 
without them. 

Now, to pass to the question of H.M.S. Sharpshooter. The 
Sharpshooter's tubes did not leak either upon the trials at moor- 
ings or at sea. It was some of the feed pipes which gave trouble, 
and it was nothing whatever to do with Messrs. Belleville or 
their boilers. The other breakdowns reported were due entirely 
to derangements with the engines. The automatic feed did not 
become deranged, but a stoker who had cleaned the apparatus 
omitted to connect the float to its spindle, the error not being 
discovered until steam was raised ; but the day was not wasted; 
it was very speedily put in order, and the vessel finished her 
trials. If the connecting-rod is not coupled one can scarcely 
expect the cranks to turn. 
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I can also positively assert that in the case of a set of Belle- 
ville boilers fitted by my firm to a Russian coast defence vessel, 
from the first steam at moorings to the completion of the guar- 
antee period of one year, not one penny piece was spent either 
upon adjustments or maintenance of the boilers. Not a single 
leak or trouble of any sort was experienced, in connection with 
Messrs. Belleville’s apparatus. The machinery during the trials 
was in charge of and manipulated by the usual staff of Russian 
artificers and stokers, no “specialists” being employed, and all 
will bear the strongest testimony to the efficiency of the boilers 
and the facility with which they can be worked. 

When I alluded to the leading stoker being an Arab, I cer- 
tainly intended no disrespect to Orientals, whom I know from 
experience at sea to be most useful men in the machinery depart- 
ment; but Mr. Howden insinuated that for twenty boilers we 
should require twenty high-class specialists to manipulate the 
feed, which would be, to say the least of it, somewhat droll. 

It is very easy to make misleading statements and to put 
the same in print, but whilst carefully suppressing the names 
of the vessels carrying his boilers, he gives the names of those 
with water-tube generators, at the same time vastly underrat- 
ing their performances. For instance, the mail steamers Auxs- 
tralien, Polynesien and Armand Behic, each fitted with twenty 
Belleville boilers, on voyage between Marseilles and Australia, 
indicate 5,000 horse-power, with sixteen boilers in work out of 
twenty—burning briquettes and Australian coal. They do not 
use more power, because they can very well keep time, steaming 
easily with the reduced number of boilers, but if another knot be 
required to compete with a rival line, it is there on board to be 
had at a moment's notice. Let Mr. Howden teil us to what 
vessels these phantom boilers are fitted which, at an average 
economical sea speed, would indicate 22.22 horse-power per 
square foot of grate, and require only 1.75 square feet of heating 
surface per indicated horse power. Now, sir, I have invited Mr. 
Howden to visit Marseilles with me and be convinced; will 
similar courtesy be extended upon his side by inviting me to 
make a voyage upon the vessel fitted with boilers as per his list 
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of comparisons? If he does so, and proves to me that upon a 
voyage of, say, six days a mean of 8,000 horse-power is produced 
from boilers having 360 square feet of grate, and 14,000 square 
feet of heating surface, and weighing with water and all fittings 
361 tons, then he will have no stronger advocate for his system 
than myself. 


Mr. C. Humphrey Gilbert said: The paper gives the weight 
of boilers capable of maintaining a continuous sea power of 8,000 
horses as 361 tons, including water uptakes and funnels. Mr. 
Milton cited the P. and O. R.M.S. Himalaya, a vessel fitted with 
boilers worked on Mr. Howden’s system, as being of about that 
power, and quoted (from Messrs. Maudslay’s book) the weight 
of her boilers, including water, but without uptakes or forced 
draft appliances, as 546 tons, grate area and heating surface be- 
ing given as 496 and 20,940 square feet respectively. Now, as- 
suming these figures to be correct, one cannot help asking why 

Mr. Howden has not been able to obtain better results’ for the 
P. and O. Company, one of his best customers. 

There is not a large excess of boiler power in the ship men- 
tioned ; there is certainly no more than is necessary for 8,000 in- 
dicated horse-power. As one who has had some stokehold expe- 
rience on board of her, I can vouch for it that she is by no means 
always easy to steam. Moreover, the figure 8,000 does not 
represent her continuous sea power; on her trial she exceeded 
this figure by 300 horse-power, but in ordinary running at sea, 
even when “ driving,” 7,000 to 7,500 is all she does; this, again, 
of necessity represents the power at the time indicator cards are 
being taken. All sea-going men know what this means; fora 
few minutes every morning all auxiliary machinery is shut off, 
so that the main engine may get every pound of steam; every 
exertion is used to run up the boiler pressure within an ace of 
blowing off, and an extra revolution or two is got out of the 
engine, all to enable the chief to get “a good card.” It is plain, 
then, that the Amalaya does not exceed 7,000 I.H.P., contin- 
uous sea steaming, and even this power is not always easy to 
keep up. With at all indifferent coal, it is only during the mid- 
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dle hour of the watch that it is possible to keep the steam at or 
near 160 pounds; often enough while fires are being cleaned, or 
towards the end of the watch, these Oriental firemen, in whom 
Mr. Howden places such faith, require coercion of a very 
forcible kind to keep up the steam. Frequently the regula- 
tion }-inch air pressure below the grate becomes more like 1}- 
inch or 13-inch, the pressure in the air trunks leading directly 
from the fans often blowing the water clean out of the gauges, 
although they register up to 4} inches. 

In other words, 496 square feet of grate, and 20,940 square 
feet of heating surface, are not more than enough for a continu- 
ous 7,000 I.H.P., which alters Mr. Howden’s figures from 22.22 
to 14.11 I.H.P. per square foot of grate, and from 1.75 to 3 square 
feet of heating surface per horse-power. Perhaps these results 
might be improved upon with good coal and English firemen, 
but Mr. Howden is making a comparison with French ships on 
the same route, using the same coal and carrying native firemen. 


A correspondent of “ Engineering,” under the zom de plume of 
“Automatic,” writes: The remarkable results obtained with Mr. 
Howden’s boilers on merchant steamers most certainly entitle 
him to an attentive hearing on that subject, concerning which he 
ought to know all that is worth knowing ; but why not leave the 
defense of locomotive boilers to those who build them? Many 
engineers in England would be able to speak with authority on 
the subject, and Herr Ziese’s name is no stranger. In any case 
I doubt whether the well-known engineer who designed the boil- 
ers of the 77zpoli, would have claimed for them the astonishing 
performance put forward by Mr. Howden, who assumes that with 
28 square feet of grate area one of these boilers supplied steam 
for 1,120.86 indicated horse power, or 40 horse power per square 
foot of grate. The Italian Navy would have reason to be proud 
if Mr. Howden’s figures were correct; however, they are not. 
The 7ripoli has six boilers, and her engines were intended by 
their designer to develop 4,200 indicated horse power. On trial 
they averaged a little more than half that power, and Mr. How- 
den must be satisfied with 375 for each of these boilers, or only 
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13.4 indicated horse power per square foot of grate. Thus Mr. 
Howden’s comparison turns against his contention. 

Turning to the other case advanced to prove the immense supe- 
riority of the locomotive boiler, it may be of interest to see what 
other engineers have done in the same direction, and, as the 
weight of boilers with mountings, fire bars, uptakes, funnels, &c., 
complete per indicated horse power, appears to be the most suit- 
able term of comparison for boilers intended for extremely rapid 
vessels, I append the following : 


Pounds per indicated 
horse power. 


* Corrected to 43.32. 


Perhaps Mr. Howden had not these figures at his disposal 
when preparing his paper, but anyone can see that they entirely 
and utterly demolish his contention in favor of the locomotive 
boiler. 

Having seen what Mr. Howden can do with a locomotive 
boiler, let us see what he can do with a cylindrical one. In his 
table of comparative particulars of marine boilers, No. I is a 
double-ended boiler fitted in a cruiser of a certain unknown Gov- 
ernment, with forced draft and closed stokeholds. No. 7 is also 
a double-ended boiler, and, like the former, is supposed by Mr, 
Howden to comply with Admiralty requirements. For Mr. 
Howden these Admiralty requirements have evidently remained 
what they were six or seven years ago, and though it may favor 
his case to work out boilers lighter than those of the Medea or 
the Blenheim, 1 doubt whether the Admiralty will accept his 
tenders when submitted for approval, as in the Navy double- 
ended boilers and light scantlings are things of the past. The 
indicated horse power per square foot of grate estimated for No. 
7, 2. €., 19.53 on trial and 16.41 at sea, is much smaller than in 
the case of Mr. Howden’s other vessels, so that I presume he 
finds the latter rates rather difficult to maintain. Perhaps the 
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explanation of all these things may be found where Mr. Howden 
puts the coal consumption on forced-draft trial at from 1.5 pounds 
to 1.6 pounds; no doubt that would be welcome news to many, 
but I fear it only proves that Mr. Howden’s acquaintance with 
naval engines, and their little peculiarities, is neither profound 
nor extensive. Of No. 2, steamship (Vero, I shall say nothing; 
the boilers are, I understand, of an experimental nature, and ap- 
pear very heavy for their power. No. 3 gives the Belleville 
boilers of the Polynesien and her sister ships, and I think Mr. 
Howden might have altered his figures in compliance with Mr. 
Sampson’s statement, viz: that 5,000 horse power are indicated 
at sea with only sixteen boilers. The figures for the sea per- 
formance would then read as follows. 


Sq. ft. Instead of— 
Heating surface per indicated horse power at S€2... 3.8 4.76 


Indicated horse power at sea per ton of boilers, water, &c......... 16.44 13.15 
Indicated horse power at sea per square foot of grate area... ...... 10.73 8.62 


Nos. 4 and 5 are the Y Z of the table exhibited at the meet- 
ing, and are, if I understand Mr. Howden rightly, hypothetical 
cases, not actual steamers. As Mr. Howden’s system of forced 
draft has been fitted on a considerable number of vessels, it ap- 
pears perfectly fair to expect him to give us results actually ob- 
tained, and not to introduce the contentious element of deferred 
hope where it is not necessary. Why, instead of the ethereal Y 
and Z, does he not favor us with the concrete Hima/aya and New 
York? No. 6, the /ndiana, certainly presents the desirable and 
necessary feature of actual existence, and we may compare her 
with her neighbors. Strange to say, in her case, though she is 
somewhat of a tramp, the ratio of sea power to trial power is 
much higher than in the 4, 5 and 7, or in the Aima/aya, accord- 
ing to another correspondent. It is true that Mr. Howden does 
not state that she averages 1,300 indicated horse power at sea, 
but only that she has developed that power at sea, and there 
may be a wide margin between the two. The Polyncsicn, I take 
it, averages 5,000 indicated horse power with sixteen boilers on 


her long journey to Australia. The horse power claimed to be 


. 
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developed per square foot of grate surface on trial and at sea by 
the /ndiana, viz: 24.77 and 23 respectively, calls for remark. 
Here she fairly beats the record, and Mr. Howden is to be con- 
gratulated, whatever his coal bill may be. 

The horse power per ton of boilers, water, &c., indicated by 
the /ndiana, viz: 15.59 on trial and 14.48 at sea, does not seem 
to compare very favorably with 21.05 and 16.44, the correspond- 
ing corrected figures for the Polynesien. 

Another correspondent, Mr. Charles de Grave Sells, writing 
on the subject of the locomotive boilers of the 7ripoli, says that 
the figures given in the table, page 378,can hardly be accepted 
as an “actual example,” that the actual horse power was 580 
instead of 1,120, and adds: 

A more unfortunate selection for an example of the advan- 
tages of locomotive boilers could hardly have been made, for 
these very boilers quoted (of the Zripoli and Folgore) are to be 
removed to make way for water-tube boilers. 
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NOTES. 


THE BELLEVILLE BOILERS OF THE SHARPSHOOTER. 


On page 202 of the last number of the JouRNAL, mention was 

made of the fact that this vessel was to be fitted with eight 
Belleville boilers, and that the combined grate and heating sur- 
face would be respectively 269 and 7,696 square feet. During 
February and March, they were subjected to a number of tests, 
to determine their acceptance, the Belleville Company, however, 
assuming no responsibility for the I.H.P. of the engines, the 
condition being that, under natural draft the boilers should be 
capable of burning a certain quantity of coal per square foot of 
grate, and that the evaporation per pound of coal should not 
fall below a certain figure. Each set of boilers was tried separ- 
ately, on different days for a period of twelve hours, during 
which the mean rate of combustion was 23 pounds per square 
foot of grate, one-half pound more than stipulated. Then fol- 
lowed an evaporative test, lasting eight hours, resulting in a 
mean of 8.2 pounds of water per pound of coal. During all of 
these tests, as well as another of two of the boilers under forced 
draft, burning thirty pounds of coal per square foot of grate, the 
boilers worked satisfactorily, the only hitch occurring in one of 
the subsequent trials, where there was trouble with the auto- 
matic feed regulator owing to failure of one of the attendants to 
connect the float. 

The Sharpshooter then made three runs at sea, the first of 24 
hours duration, using six boilers, being for economy, burning 
less than ten pounds of coal per square foot of grate. The re- 
sults were: 14.5 knots, and 1,282 I.H.P. on a coal expendi- 
ture of 1.96 pounds per I.H.P. The next trial was made with 
one set (four) of boilers, and lasted twelve hours, the rate of com- 
bustion for one-third of the time being about 31 pounds per 
square foot of grate, and for the remainder about 25 pounds. 
The results were: 
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First four Eight succed- 
hours. ing hours. 


The last trial was made under similar conditions with the 
other set, the result being: 


LIQUID FUEL IN COMBINATION WITH COAL. 


An experiment was recently tried on board the French cruiser 
Surcouf of burning petroleum refuse in the same furnaces with 
coal. The method followed was practically the same as that 
tried on some Italian ships last year, the furnace fronts being 
arranged for oil burners without interfering at all with the fur- 
nace doors, and steam being used to spray the oil, which was 
stowed in a tank on the upper deck. The details of the experi- 
ment are meagre, and the only information attainable is that 
when burning coal alone the ship made eight knots, but that 
with coal and oil combined she made thirteen and a half. Just 
how much of this additional speed is due to the additional 
coal burned by reason of the increased draft induced by the 
method of spraying the oil, and how much to the oil, can not be 
stated on account of the few data to be had. 


GAS ENGINE FOR A SCREW SCOW. 


Le Yacht gives a brief account of a scow whose propeller is 
to be driven by a gas engine. The service of the scow is on the 
Seine between Rouen and Paris, and the gas will be obtained at 
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St. Etienne, one charge being enough for the round trip from 
Rouen to Paris and return. The designer of this system, M. 
Capelle, believes that it is cheaper, under the special circum- 
stances, and lighter than steam machinery. The gas, which is 
the ordinary illuminating gas, will be stored in heavy iron tubes 
side by side under the upper deck beams, under a pressure of 
from 100 to 160 atmospheres. The gas engine is of the two- 
cylinder type, rated at 40 H.P., but capable of greater power if 
necessary. It is placed at the stern with the fly wheel forward 
of the cylinders. The screw has reversible blades. 


THE BRANDENBURG CATASTROPHE. 


A dreadful accident occurred on board this German battle- 
ship, on the 16th of February, in which forty-five men were 
killed. She was under way making her last official trial, and at 
the time of the accident was developing about 7,000 I.H.P.; on 
one of her previous trials she had run up to about 10,000. The 
magnitude of the catastrophe can be better understood by a short 
statement of the arrangement of her steam pipes. In the main 
steam pipe in each engine room there is a separator, and between 
the separator and the high-pressure steam chest a length of 
copper pipe of about 10 feet, one end of which is fastened to a 
stop valve on the separator and the other in a stuffing-box slip 
joint attached to the stop valve on the steam chest. 

The stop valve on the separator broke short off close to the 
flange, thus giving a full opening to the escape of steam from the 
twelve boilers. The door between the two engine rooms was 
open, so that the steam filled both, and of the men in them 39 
were killed outright and g so badly injured that six of them died 
subsequently. 

The accident has been attributed to insufficient metal in the 
casting of the valve chamber. 

Two causes have been assigned for the accident: one that there 
was not enough metal in the casting, or that it was an imperfect 
one, and the other that the pipe pulled out of the stuffing box, 

German papers have given little or no information on the sub- 
ject, and the account here given is from “ Mittheilungen aus dem 
Gebiete des Seewesens.” 


NOTES. 


LIQUID FUEL AT SEA. 
From the ‘‘ Engineer,’’ London, April 6, 1894. 


It has often been asked why it is that steamers carrying some 
thousands of tons of petroleum in bulk should fill their bunkers 
with coal? Although it is true that petroleum in any but the 
crudest form is an exceedingly expensive fuel if purchased in 
England, it is not necessarily costly if bought on the Black Sea 
or in the United States. Indeed, unless a steamer carries coal 
enough for the voyage out and home, petroleum would not com- 
pare very badly with it if bought in a Black Sea port. Consid- 
erable interest under the circumstances attaches to an experiment 
now being made by Mr. A. Suart, of London. He has fitted a 
large tank steamer, the Baku Standard, with appliances for burn- 
ing astatki, and she recently completed a voyage to Philadelphia 
from Shields, burning only liquid fuel. She then made a return 
trip to this country, and has since sailed again. So far as we are 
aware, this is the first instance on record of a steamship fitted to 
burn liquid fuel and making an ocean voyage. Hitherto there 
has always been a breakdown of some kind during the trial. 
The Baku Standard registers 3,705 gross tons. She is 330 feet 
by 43 feet by 23 feet deep. She carries 1,200,000 gallons of 
petroleum in bulk, and goes to Russia as well as the United 
States for oil. 

When we come to consider particulars it will be seen that the 
Baku Standard made her voyage under difficulties; instead of 
the usual crew of firemen and trimmers only three boiler-tenders 
were shipped. One met with an accident soon after the ship 
sailed, breaking a collar bone, and was laid up. The result was 
that the other two men had to stand six hours watch on the rest 
of the voyage, which they could scarcely have managed if they 
had had to work hard shoveling coal and cleaning fires. Asa 
fact, however, the fires seem to have needed little or no attention, 
even in the worst weather, and so far the venture has been quite 
successful. The consumption of oil was about 20 tons in the 
twenty-four hours. Taking the oil as being twice as good as 
coal, this means 40 tons of coal per day, and with good triple- 
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expansion engines this should give 2,500 indicated horse power. 
The engines of the Buku Standard, however, do not indicate 
anything like this, and we shall perhaps overestimate the effi- 
ciency of the astatki fuel if we say that 20 tons of it were equal 
to 30 tons of coal, which would give 1,500 to 1,800 horse-power. 
No doubt the cost of astatki was greater than that of coal, but 
against this must be set the greatly reduced cost of the fire-room 
crews—so many fewer mouths to be fed, and so much less wages 
to be paid. 

So far Mr. Suart seems to be contented with the result in all 
respects but one, and that is the old trouble that has arisen over 
and over again when petroleum fuel is used in conjunction 
with surface-condensing engines. A very serious quantity of 
steam is used in “spraying” the astatki. This represents so 
much waste, but that is by no means the worst of the matter. 
The steam thus drawn off from the boiler goes into the chimney 
in one form or another, and the auxiliary feed has to be em- 
ployed to make up the loss. Salt water cannot be pumped into 
the boilers, fresh water enough cannot be carried, and conse- 
quently an expensive and heavy evaporating plant must be fitted 
and worked with liquid fuel. It is very easy to underestimate 
this item ; when we say, however, that during the first voyage 
of the Baku Standard, the weight of steam required to spray the 
oil exceeded that of the oil, reaching to over a ton an hour, some 
idea may be formed of what it represents in the way of loss. 
Allowing 20 pounds of steam to give a horse power—a very 
ample allowance for a good triple-expansion engine—we see 
that a ton of steam per hour means about 112 indicated horse 
power, and allowing that one pound of astatki will evaporate 15 
pounds of water, it means that not less than 3,600 pounds, or 
over a ton and a half of astatki, had to be burned every twenty- 
four hours for the purpose of supplying fresh water to the 
boilers. This represents a very considerable addition to the 
cost, and it certainly seems strange that considerably over 100 
horse power should be required to force the fuel into the fur- 
naces. We understand that a different set of burners is now be- 
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ing tried, and it is hoped that the auxiliary feed will be reduced 
from 25 tons to 10 tons per twenty-four hours. 

There remains for consideration the difficulty involved in 
handling the petroleum. In the Baku Standard, as at first fit- 
ted, the stuff was pumped up from special bunkers into two 
small tanks in the funnel casing, where it becomes more fluid 
than water, and from these tanks it ran down to the furnaces 
through suitable pipes. It appears that this arrangement has 
had to be modified. There is great difficulty in dealing with 
the oil in the bunkers when they get partially empty. It is well 
understood that oil-tanks should always be kept quite full. 
There is absolutely no danger of an explosion when air is kept 
out; the difficulty is to prevent the accumulation of an explos- 
ive mixture of air and petroleum vapor in the bunkers when the 
level of the oil falls in them. It is very easy to say that means 
of ventilation can be provided; not so easy to do it. The 
bunkers in the Baku Standard are insulated from the boilers by 
coffer dams filled with water; but the two service tanks’ cannot 
be insulated so, and if they leaked, or any of the pipes or fittings, 
there would be a serious risk of fire incurred. We believe that 
two other vessels belonging to Mr. Suart are to be altered to 
burn liquid fuel; so that the experiment, it will be seen, is 
being carried out on a scale commensurate with its importance. 
“ Lloyd’s,” it is worth while to add, are throwing no obstacles 
in the way; on the contrary, they, as usual, treat the whole sub- 
ject broadly. The surveyors satisfy themselves that the arrange- 
ments for carrying the oil are satisfactory, and then they enter 
in the register book, “ Burning Liquid Fuel, Experimental.” 

What the outcome of the experiment may be it is impossible 
to forecast with any pretense to accuracy. It may be that petro- 
leum steamers, as a class, will find it to their advantage to burn 
petroleum instead of coal. It would seem, however, that the 
economy must be indirect rather than direct. The fuel, as fuel, 
will be more expensive than coal, but the handling of it will be 
much less costly. There may also be a saving in the upkeep of 
furnaces and boilers. It seems that the introduction of some 
other method of burning the oil, instead of a steam jet, would be 
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advantageous. The loss of feed water would thus be avoided. 
It might be practicable to employ compressed air instead of steam, 
and it is scarcely probable that 110 horse power would be ex- 
pended in compressing air in such a ship as the Baku Standard. 
It remains, indeed, to be seen whether mechanical means may 
not be found for accomplishing the same end. It is a curious 
fact that, notwithstanding its high inflammability, it is very diffi- 
cult to burn petroleum at once thoroughly and rapidly. Thus 
we find that unburned oil may be seen sputtering on the white- 
hot fire brick opposite the nozzle and then igniting, the fine drops 
having had to pass through a zone of intensely-heated flame be- 
fore they could reach the fire tile. Up to the present it is true 
that nothing has been found to answer so well as the steam jet, 
but it does not at all follow that finality in this direction has 
been reached, and there is so little to be said in favor of the 
steam sprayer in use at sea, that we may expect inventors to 
work hard to devise something better. Yet when all that is pos- 
sible has been done the use of petroleum must remain limited, 
the whole weight of it available for fuel being as nothing com- 
pared to that of the coal burned each year. 

The superintending engineer of the firm that built the engines 
of the Baku Standard, in a letter to “ The Engineer,” says that 
the I.H.P. with coal is from 1,500 to 1,800, and the consumption 
of coal of average quality about 30 tons a day; that no change 
has been made in the supply tanks and pipes, except to put 
cocks below the tanks in the pipes leading to the burners; and 
that there is nothing in the furnace except a fire brick arch about 
2 or 3 feet from the front. 


SHIPS. 


UNITED STATES. 


/ndiana.—On the #7th of March this battleship, building by 
The William Camp & Sons Shipand Engine Building Company 
was given a builders’ trial, off the capes of the Delaware, prepar- 
atory to the official trial. During the course of the trial, she 
made three double runs over a course on Five Fathom Bank 
9.65 knots in length, with the following mean results : 

Ail Pressure. Natural draft. inch, I inch, 


Revolutions........ 110.2 120.5 124.4 


During the first run the draft was assisted by the blowers, but 
the fire rooms were not closed. The coal used was of inferior 
quality, and although the ship was not weighted to her trial dis- 
placement, the run was made in shoal water, so that there is no 
doubt that she will more than make her contract speed of 15 
knots. 

Texas——The dock trial of the engines of this ship was com- 
pleted on the 14th of May, with satisfactory results, but too late 
for insertion in this issue of the JOURNAL. 

Ericsson.—This torpedo boat, which has been so long building, 
was launched at Dubuque, Iowa, on the 12th of May, and will 
be prepared as rapidly as possible for the trip from Dubuque to 
Pensacola, where she will be finally completed and tried. 


AUSTRIA. 


Tegethoff—This broadside battleship, which was launched in 
878, has recently had entirely new machinery fitted, a change 
made in her rig and in her battery, amounting altogether to a 
complete remodeling of the ship. “ Mittheilungen aus dem Ge- 
biete des Seewesens,” from which this information is taken, says 
that she was originally a barkentine-rigged, single-screw ship, 
spreading 14,500 square feet of canvas. She had horizontal, 
simple back-acting engines, with two cylinders 125 inches diam- 
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eter and 50 inches stroke, and nine box boilers working under a 
pressure of 28 pounds. Her speed on the measured mile, with 
65 revolutions and 5,864 I.H.P., was 14.37 knots; that on her 
endurance trial was 13.3 knots, with 69 revolutions and 5,054 
1.H.P. 

As reconstructed, she is a twin-screw ship with two military 
masts, each with two fighting tops, the foremast having a search- 
light platform at one-third its height above the deck, two light- 
signal yards and an electric signal apparatus. 

The new machinery, constructed by Schichau, the well-known 
torpedo-boat builder, consists of vertical triple-expansion engines, 
with cylinders 33.86, 55.1 and 84.6 inches diameter by 39.37 
inches stroke, each of which is in a separate water-tight compart- 
ment. The valve gear is of the Joy type. The air pumps, driven 
from the H.P. crossheads, are each 17.32 inches diameter and 
18.9 inches stroke. The main condensers have a combined cool- 
ing surface of 16,114 square feet. There is also an auxiliary con- 
denser. The screws are 14.76 feet diameter and 14.6 feet pitch, 
measured at 0.7 radius. 

Steam is furnished by eight single-ended cylindrical boilers, 
in four water-tight compartments, working at a pressure of 156 
pounds. They have a total grate and heating surface of 538 and 
19,978 square feet respectively. There are, besides, two small 
auxiliary boilers for supplying the auxiliary engines. 

In the change from single to twin screws the hole in the stern 
post was stopped with an ogival-headed plug, and the one at the 
inboard end of the stern tube was also plugged, and the space 
between the stern post and the balance rudder filled in with steel 
plates, which in effect formed a continuation of the stern post, 
and materially reduced its thickness. 

The official trials took place in November of last year. Dur-, 
ing the six-hours’ endurance trial, with natural draft, her mean 
speed was 15.2 knots with 118.4 revolutions and 7,340 I.H.P. 
The two-hours’ forced-draft trial followed, when, with an air 
pressure of } inch of water, she made 15.5 knots with 125.35 
revolutions and 8,950 I.H.P. This power was obtained on a 
weight of machinery of 225 pounds per I.H.P., while the weight 
of the original machinery was 432 pounds. 
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Her new armament comprises six 24-cm. and five 15-cm., 35- 
caliber Krupp guns, two 7-cm. B.L.R., fifteen 47-mm. rapid-fire, 
and two 8-mm. machine guns, and two torpedo tubes. 

During reconstruction her water-tight subdivision was im- 
proved, and a complete drainage system put in. 

She is 286.9 feet long, 71.1 feet beam, 24.8 feet draught, and 
has a displacement of 7,390 tons. 

Satellit.—This torpedo cruiser, built by Schichau for the Aus- 
trian government, and referred to on page 394 of the discussion 
on water-tube boilers, is 220 feet 6 inches long, 26 feet 10 inches 
beam, and has a displacement of about 86@ tons. She has twin- 
screw triple-expansion engines, to which steam is supplied by 
four locomotive boilers fitted with Schichau’s ash pit forced draft. 
The grate and heating surface, as given on page 394, are respect- 
ively 185 and 8,417 square feet. 

Her contract speed was 21 knots, but on her official trial, 
which was of three hours duration, she made, under unfavorable 
circumstances, 21.87 knots on 4,792 I.H.P. 

The detailed weights of her machinery, as given by the “ Zeit- 
schrift des Vereines Deutscher Ingenieure,” are as follows : 


Tons. 

4 locomotive boilers, including water in boilers, forced-draft fittings, smoke 
pipe, fittings in fire rooms, and boiler 94457 

2 three-cylinder, triple-expansion engines, with surface condensers, evapora- 


Piping, outboard valves, and water in condensers and pipes........... nasa ann) | Se 
Shaft bearings, stern tubes, propellers, 33.06 
Circulating pump, fan engines, steam and hand pumps....., 
Floor plates, ladders, tool chest, work bench, spare parts, stores and tools...... 


ENGLAND. 


New Battleships—The British Admiralty has decided to build 
seven new battleships of the Majestic type; five of them will be 
built in dockyards and two by contract. Of the dockyard ships, 
the Cesar and the Prince George will be built at Portsmouth; 
the ///ustrious and the Victorious at Chatham; and the Hannibal 
at Pembroke. Machinery for one of them has been ordered 
from Humphrys, Tennant & Co., for another from Harland & 
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Wolff, and for a third from Hawthorne, Leslie & Co. The /upiter 
will be built and engined by J. & G. Thomson, Clydebank, and 
the Mars by Laird Brothers, Birkenhead, each of which firms 
constructed one of the vessels of the Royal Sovereign class. 

The new vessels have been designed by Mr. W. H. White, 
and are 390 feet long, 75 feet beam, and have a load draught of 
27 feet 6 inches, with goo tons of coal in the bunkers, when the 
displacement is 14,900 tons. The weight of hull is 10,180 tons, 
and the broadside will be covered from under the water line to 
the top deck with Harveyized plates g inches thick, the depth 
extending to about 15 feet. The armament consists of four 12- 
inch breech-loading guns, mounted in pairs ex darbette, and ar- 
mored with 14-inch Harveyized plates, and in addition there will 
be twelve 6-inch and sixteen 12-pounders. The machinery is de- 
signed to develop, under natura! draft, 10,000 indicated horse- 
power, giving a speed of 16.5 knots, and under forced draft 
12,000 indicated horse-power, giving a speed of 17.5 knots. 

Hornet.—A sister vessel to the Havock, described in the last 
number of the JourNAL, and built also by Yarrow & Co., the 


only difference in them being that due to the substitution of the 
Yarrow water-tube for the locomotive boiler. She is 180 feet 


long, 18 feet beam, and on a mean draught of 5 feet displaces 
220tons. Her engines are 18, 26 and 394 inches diameter by 18 
inches stroke, and are in a common tight-water compartment. 
There are eight boilers arranged in pairs in two water-tight com- 
partments, each pair facing the other pair in the same compart- 
ment, and each pair having its own smoke pipe. The tubes 
connecting the upper and the lower drums are of copper, I 
inch in diameter, and the downcast tubes at the ends have been 
omitted. The grates are 6} feet long, the total grate and heat- 
ing surface being respectively 165 and 8,216 square feet. The 
weight of each boiler, with water and fittings, is 5.35 tons, and 
the saving in weight, over that of the Havock, due to the adoption 
of water-tube boilers is eleven tons. The propellers are three- 
bladed, 6 feet 4 inches diameter. 

The first preliminary trial was made after one-half the boilers 
had been put on board, and in this condition she made 23.3 
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knots over the measured mile. A second trial was made after 
all the boilers were in place, and the mean of six runs over the 
measured mile gave a speed of 28.02 knots, with 172 pounds 
steam pressure and 1} inches air pressure. The official trial 
took place on the 19th of March, under favorable conditions, 
and is thus reported in “ Engineering” : 

The three-hours’ trial commenced at the Chapman Lighthouse 
and ended below the Sunk Lightship. The average speed for 
the whole time was found to be 27.628 knots per hour. 

After this circles at full speed were turned to starboard and 
port, and generally all the usual tests of machinery and ship 
were made, all of which were found to be perfectly satisfactory. 
At full speed and at slower speeds practically no vibration was 
felt. There was no heating of any parts of the engines, and the 
boilers made ample steam with a mean air pressure of 1.5 inches. 
The Admiralty authorities expressed themselves highly pleased 
with the result in every respect. 

A comparison between the results of the Havock and the 
Hornet shows that in the former vessel on the official trial ap- 
proximately 3,500 horse power was indicated, while in the case 
of the Hornet 4,000 horse power, which approximately, is in 
direct proportion to the cubes of the speeds of the two boats, 
the consumption of fuel also being in direct proportion to the 
powers indicated. The air pressure in the stokeholds of the 
Havock was about 3 inches, and in the Hornet one and one-half 
inches. 

The runs on the mile resulted as follows: 
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Revolutions. 


Port. 


Starboard. 


395-9 | 395-4 | 26.163 | 4, 
384.4 386.8 | 28.481 27.370 
384.7 | 392.2 | 26.355 | 27°40" | 27.305 | 
391.3 392.7 | 28.391 | 7-373 27.306 7-343 
380.0 381.7 | 26087 | pip 27.183 
304-3 | 394-3 | 28.169 | 77° 
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Harrier.—A first-class torpedo gunboat, was launched at De- 
vonport on the 20th of February. She is a further development 
of the Sharpshooter type, her dimensions being : 


Breadth, feet and inches, . 30-6 
Draught, forward, feet and inches, __. ‘ 8-9 
aft, feet and inches, 9-3 
mean, feet, . 9 
Displacement, tons, . 1,070 
Weight of hull, tons, . : 555 
Bunker capacity, tons, 100 


The engines are twin-screw, vertical, triple-expansion, with 
cylinders, 22, 34 and 51 inches diameter, by 21 inches stroke, 
designed for 3,500 I.H.P. under forced, and 2,500 under natural 
draft, the corresponding speed expected being 19 and 17 to 17.5 
knots. The boilers are four in number, of the wet bottom loco- 
motive type, each with two furnaces, and are to work under a 
pressure of 150 pounds; they contain 169 square feet of grate 


and 6,106 square feet of heating surface. The screws are 8 feet 
3 inches diameter, and g feet 4 inches pitch. 

Her armament, which will cost $27,000, consists of two 4.7- 
inch and four 6-pounder rapid-fire guns, one bow torpedo tube, 
and two broadside tubes. The estimated cost of her construc- 
tion is $382,000. 

Two similar vessels, the HYa/cyon and Hussar, are also build- 
ing at Devonport, and others of the same class by contract. 

Hazard—A vessel of the Harrier type, built at Pembroke 
dockyard, and engined by the Fairfield Co., has completed her 
natural-draft trials, with the following results : 


Steam pressure, . j 
Air pressure, 

Vacuum, 

Revolutions, . 

1.H.P., 

Speed, by patent log, 


‘ 
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The three-hours forced-draft trial gave 3,714 I.H.P., and a little 
more than I9 knots. 

An examination of her boilers after this trial disclosed so 
many leaks that another trial has been ordered. A like condi- 
tion of things was found in the Dryad, another of the same 
class. 

Speedy.—This torpedo gunboat, fitted with the Thornycroft 
boiler, was given a trial under natural draft, on the Ist of March, 
when, with a steam pressure of 177 pounds, she made a speed 
of 17 knots on 3,071 I.H.P. 
FRANCE. 


Charlemagne, Saint Louis, Henri 1V.—Three battle-ships to be 
commenced this year. 
Their principal dimensions, as given in “ Le Yacht,” are: 


Beam, fect, . . ‘ . 67.26 
aft, feet, . 27.56 
mean, feet, . . 
Displacement, tons, . 10,951 


There are two armored decks—one of 3.5 inches arranged as 
in the usual type of protected cruisers and armored vessels, 
worked at the upper water line; the other 1.5 inches thick and 
worked at the lower water line. The latter is essentially a 
splinter deck, and its presence is due to the introduction of high 
explosive shell. Below this second deck are the vitals of the 
ship—engines, boilers, turret-turning machinery, magazines, etc. 
The space between the two armored decks is, properly speaking, 
an enormous coffer dam, and is minutely subdivided. The out- 
board compartments of it are intended to remain empty, or to be 
filled with coal in bags. Those in the center contain the auxil- 
iary engines, dynamos, ventilating engines, and ammunition 
hoisting engines, whose momentary stoppage or even destruction 
does not endanger the life of the ship. 

The armor belt is 6} feet high, and extends completely around 
the ship. Its upper edge is 20 inches above the water line, and 


: 

= 

a 

: 


428 SHIPS. 


its thickness is 15? inches at the center, with a height of 27} 
inches above the water line. It decreases to the lower part, where 
it is only 10 inches thick. At the ends the thickness is slightly 
reduced. Protection above the water line is furnished by a 3- 
inch belt of armor. 

The armament consists of eight 14-cm. guns on the upper 
deck, and four 30-cm. in barbette turrets. The conning tower 
has armor 4 inches thick. 

There are two military masts, each with two fighting tops. 

The motive apparatus consists of three sets of triple-expansion 
engines, of four cylinders each, operating three screws. Each 
engine is in a separate water-tight compartment, the axes of the 
three shafts in the same horizontal plane, and the side screws 
well forward of the center one. 

Steam is furnished by twenty Belleville boilers placed in four 
water-tight compartments, arranged back to back along the 
central longitudinal bulkhead, there being one smoke-pipe for 
each pair of opposite fire rooms. 

The power is 14,000 LH.P. with forced draft, under which 
conditions the speed is expected to be 18 knots; with natural 
draft the speed expected is 17 knots. 

She carries 680 tons of coal at the normal draft, but can stow 
about 1,100. 

The armament comprises four 30-cm. guns in two turrets, 
one forward and the other aft; ten 16-cm. R.F.; six 10o-cm. R.F.; 
sixteen 47-mm.; eighteen 37-mm.; four submerged torpedo 
tubes, two forward and two aft, firing on the sides, and six 
above-water tubes. The forward turret is 27.88 feet above the 
water line, and the after one 21.32 feet. 

The fire rooms being fore and aft and outboard the boilers, 
the coal bunkers and magazines are outboard and in line with 
the bunkers, and therefore in front of the boilers. 

The boilers occupy about 125 feet in the length of the ship, 
and, with fire rooms, about 36 feet in width. The engine rooms, 
which are opposite each other, are about 50 feet in length. 

Suchet—A second class cruiser, of 3,374 tons displacement, 
was recently tried with the following results: 


Knots. 
March 20, 2 hours, forced draft, . 20.417 8,842 
April 9, 6 hours, assisted draft, . 18.238 6,210 
April 16-17, 24 hours, natural draft, . 16.73 4,119 


The revolutions on the last trial were 105. 

The Suchet is 311.6 feet over all, 288.7 on water line, 40.4 
beam, 19.5 mean draught, has a displacement of 3,374 tons, and 
was designed for a speed of 20 knots on 9,000 I.H.P. She has 
horizontal, triple-expansion engines, with cylinders 32.3, 47.25 
and 75.6 inches diameter by 39.37 inches stroke. 

Forban.—Sea-going torpedo boat building by Normand, de- 
signed for a speed of 30 knots. She is 144 feet 3 inches long, 
15 feet 3 inches beam, 10 feet extreme draught, and has a dis- 
placement of 130 tons. She will have twin-screw, triple-expan- 
sion engines of 3,200 I.H.P., and will be fitted with the Normand 
boiler. 
JAPAN. 
Tatsuta.—A torpedo cruiser building by Armstrong, Mitchell 
and Co. for the Japanese government, was launched on the 6th 
of April. She is 240 feet long, 27} feet beam, and has a dis- 
placement of 875 tons. The speed expected is 22 knots with 
5,500 I.LH.P. Her armament comprises two 4.7-inch and four 
3-pounder rapid-fire guns and five torpedo tubes. 


RUSSIA. 


Paris —A_ new battleship of 8,800 tons displacement is to be 
laid down at Nicolaieff. She will be 343.74 feet long and 67 
feet beam, with engines of 8,000 I.H.P., which are expected to 
give her a speed of 16.5 knots. She will have an armor belt 
15? inches thick for four-fifths the water line, and the remainder 
11.8 inches. Above the belt there will be 5-inch armor for the 
protection of the secondary battery. The armament will be two 
30-cm. guns in the forward turret, and two in the after one, six 
15-cm. rapid-fire guns and twenty of small caliber, besides six 
torpedo tubes. She will have sixteen single-ended cylindrical 
boilers in four water-tight compartments, and will stow 800 tons 
of coal. 
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Jamestown and Yorktown.—These two vessels, which are the 
latest additions to the Old Dominion Line, were designed and 
built by the well-known Delaware River Iron Shipbuilding and 
Engine Works, Chester, Pa. They are of steel, 300 feet on the 
water line, 322 over all, 40 feet beam, 26} feet depth of hold, 
and are of 2,126 tons, net. The greatest draught is 20 feet. 

The engines are triple expansion, with cylinders 28, 444 and 
73 inches diameter, by 54 inches stroke, and were designed for 
3,000 horse-power. There are four boilers 13 feet 9 inches di- 
ameter, and 12 feet 6 inches long, each with three 44-inch cor- 
rugated furnaces, and designed for a working pressure of 180 
pounds per square inch. The total grate surface is 300 square 
feet. The smoke-pipe is elliptical in section, 8 feet 6 inches by 
6 feet 10 inches, and the top of it is 86 feet above the grates. 

The screw propeller is four bladed and adjustable, of manga- 
nese bronze, 15 feet 6 inches diameter, and 21 feet 6 inches pitch. 

These vessels have been fitted with the latest improvements, 
and are said to be models of comfort and safety. They make 
the run from New York to Norfolk in 18 to 19 hours. The 
Jamestown, on one of her first trips, made the run at an average 
speed of 15.75 knots per hour. 

Northwest.—This vessel recently made a run of 120 miles to 
test her machinery preparatory to the official trial, and on the 
latter part of it worked up to 108 revolutions, with a pressure of 
200 pounds in the boilers and 175 at the engines. During the 
greater part of the run 27 of the 28 Belleville boilers were in use. 
Everything is reported to have worked satisfactorily. 

Unique.—This is the name which will be given to a small 
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steamer building for Mr. McElroy, of St. Clair, Mich., and in- 
tended for passenger service between Detroit and Port Huron. 
The hull is of wood, built on the St. Clair river, and is 175 feet 
long, 24 feet beam over guards, 11 feet depth of hold amidships. 

The engine, building by the Frontier Iron Works, Detroit, is 
of the quadruple-expansion type, with cylinders 15, 224, 30 and 
42 inches diameter by 18 inches stroke, designed for about 1,500 
I.H.P. at 300 revolutions. The H.P. cylinder is forward, and 
the others follow in regular order; the H.P. and first I.P. cranks 
are opposite each other, as are also the second I.P. and the L.P., 
which are go degrees with the former. The crank shaft is hollow, 
7} inches diameter with journals 10 inches long. The pins are 
of steel, hollow, and the cranks of cast steel with counter balances 
cast on. The propeller is of bronze, left handed, four bladed, 
and 7 feet diameter. 

There will be two Ward torpedo-boat boilers, each with 50 
square feet of grate and 2,000 of heating surface, designed for 
a working pressure of 225 pounds per square inch. They will 
be placed fore and aft, each with its own smoke-pipe, and will 
be fitted for working under forced draft. In this boiler, there is 
an upper steam and water drum, and two lower water drums 
connected with the upper one by bent tubes 14 inches diameter. 
The feed is introduced into a pan in the upper drum, and the pan 
so arranged that the circulation is down the outer rows of short 
tubes. Besides the short tubes, which go to the lower part 
of the drum, there are longer ones which discharge into, the 
upper part of it. The weight of both boilers in steaming con- 
dition is 18 tons. 

The name Orinda signifies “matchless” or “incomparable,” 
and the “ Marine Review,” from which the greater part of this 
description is taken, says that the average running speed will be 
20 miles an hour, though other papers put it as high as 25. 
Name since changed to Unique. 

Marie Henriette-—This paddle steamer, intended for the Os- 
tend-Dover route, whose trial was recorded on page 1086 of vol- 
ume V of the JourNaL, has recently been fully described and 
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illustrated in “ Engineering,” and in the “ Zeitschrift des Vereines 
Deutscher Ingenieure,” from which the account here given is 
made up. She was built by the Société Cockerill, of Seraing, 
Belgium, in competition with the Leopold //, which was built by 
Messrs. Denny, of Dumbarton, Scotland, the stipulated speed in 
each case being 21} knots, with a premium of $3,750 for each 
tenth of a knot above the contract speed, and a penalty of $2,500 
for each tenth of a knot below. If the vessel failed to make 21 
knots, she would be rejected. The limit of draught was g feet 
3 inches, and on this she was to carry 70 tons of coal and 20 of 
baggage. Both vessels were tried in the Firth of Clyde, the trial 
consisting of four runs over a base 13.666 knots in length, be- 
tween the Cloch and Cumbre lights, and resulting in a speed of 
21.995 knots for the Leopold //, and 22.2 for the Marie Henriette, 
the mean draught of which, with the prescribed weights on 
board, was g feet. The I.H.P. on this trial was 8,200, the revo- 
lutions 53, and the steam pressure 120 pounds. 
The Marie Henriette is of the following dimensions : 


Length between perpendiculars, feet, ; . 340 
Breadth, extreme, of hull, feet, . 38 
over guards, feet and inches, ; . 76-7 
Depth from top of keel to main deck at side, feet, 15 
to promenade deck, feet 
and inches, ‘ ‘ 22-9 


Displacement at mean draught of g feet, tons, . 1,525 

The propelling engines are of the compound type, with two 
cylinders, inclined, but parallel to each other. The cylinders are 
placed aft of the paddle shaft. The seats of the cylinder are par- 
allel to the axis of the cylinder, and not to the keel of the ship, 
and the triangular space which is thus left free is filled by a steel 
casting bolted to the foundation, which is horizontal. The fram- 
ing of the engine is in four parts, of cast steel, bolted to the 
keelson of the ship, the upper part, supporting the crank-shaft 
bearings, being connected to the cylinders by the columns form- 
ing the crosshead guides. The frames are braced together trans- 
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versely. The high-pressure cylinder has a diameter of 60 inches, 
and the low-pressure of 108 inches, the stroke being 84 inches. 
The cylinders have certain peculiarities which are worthy of 
note. The tops are cast in one piece with the body, but they 
have at their middle an opening with a cover, having the stuffing 
box of the piston rod. This opening is made so large that after 
drawing up the cover on the rod there remains sufficient space 
around the rod to enable a man to enterthe cylinder. This dis- 
penses with a separate manhole, and facilitates the casting of the 
cylinder. There is a relief valve 54 inches in diameter, loaded 
with a spring on the top, and another in the middle of the cylin- 
der cover placed on the manhole. The pistons are of cast steel, 
and are conical in form. They have a simple cast-iron ring, 135; 
inches thick and 5.9 wide, behind which are flat springs of the 
ordinary type. On the lower portion there are no springs, the 
width of the piston being supported by the aid of a packing piece, 
while the tongue of the ring is on the top. 

The piston rods are of forged steel, 10} inches in diameter, 
and pass through stuffing boxes with metallic packing. The 
crossheads, of forged steel, have two journals to receive the 
brasses of the connecting rods, which are also forged. Each of 
the two ends of the crosshead is bolted to a U-shaped piece of 
forged steel. The branches of the J are above and below the 
guide bars, and are supported by set bolts on the slippers, which 
latter are of cast iron lined with white metal. This arrangement 
insures that the slippers are pressed only on the center, and are 
not subject to the slight flexure of the crosshead. They are thus 
supported very uniformly on the guides, and the guides have 
shown, after a small time of working, a surface equally polished 
on both their length and breadth. The crosshead pins are 12.6 
inches diameter and 11.69 inches long. The cylinders are con- 
nected to the bearings of the crank shaft by forged steel columns 
forming the crosshead guides. The portion of these columns 
on which the shoes run is I-shaped; the other parts are round. 
The main connecting rods are 14 feet long, and of forged steel. 
The brasses of the fork embracing the crosshead are of gun 
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metal. Those of the crank are of cast steel lined with white 
metal, the lower part being round, so that they can be taken out 
without removing the shaft. The covers are also of forged steel. 
The crank shaft is of forged steel built up, and hollow in the body 
and in the crank pins. It has a uniform diameter of 19}4 inches. 
The main bearings are 29} inches long, and the crank pins have 
a length of 23g inches. The diameter of the hole in the end sec- 
tions of the crank shaft is 7.28 inches, reduced to 5.91 at the crank 
webs; in the section connecting the adjacent cranks of the two 
cylinders it is 11.81, and reduced as before to 5.91 in the crank 
web; in the crank pins it is 11.42. The hub of the crank is 37.4 
inches diameter, 11.81 inches thick, varies in width from 11.81 to 
23.62 inches, and is 72.4 inches in length over all. The length 
of crank shaft over all is 17 feet 10.56 inches. The cranks are 
at 90°, and each pair and its pin is in one piece, so that the crank 
shaft is in five pieces. The crank shaft carries on each extremity 
a flange, 35.43 inches diameter and 4.92 inches thick, for coupling 
to the paddle-wheel shaft. 

The paddle-wheel shafts are of forged steel, hollow, and of the 
same diameter as the crank shaft. The external supports of the 
paddle shafts are of cast steel. They have only a single brass 
below. The cover is hollow,and without a brass. Thé brass is 
of cast steel lined with white metal, and is 4 feet 3,5 inches 
long. 

The steam distribution is made to the high-pressure cylinder 
by a cylindrical piston valve which travels in a hard cast-iron 
bushing. The low-pressure cylinder has two flat double-ported 
valves which work on hard cast-iron seats. The two valves are 
placed together and work together. With two valves there are 
smaller faces, and there is therefore the minimum of deformation 
under the influence of heat. The valve motion is obtained from 
a single eccentric, the link oscillating on a fixed center. The 
link does not act directly on the valve, but on a lever fixed to a 
movable center, one extremity of which is in connection with 
the crosshead, by which is obtained the necessary lead. This 
arrangement is known as the Heusinger or Walschaert valve 
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gear. The oscillating links are fixed on a rigid cross beam ot 
cast steel, connecting the top of the four frames of the engine. 
The linking up is effected by steam and hydraulic reversing 
gear. A simple hand force pump serves to change the gear 
when there is no steam. 

The condenser is cylindrical, made of steel plates and brass 
ends, and is placed athwartship beneath the L.P. guides. The 
tube plates, which are of brass, are #-inch thick, and the tubes 
3-inch outside diameter. The cooling surface is 10,226 square 
feet. 

There are two vertical single-acting air pumps, each 37.76 
inches diameter and 25.51 inches stroke. They are worked by 
bell cranks from the crossheads. All parts of the pumps, except 
the cover, are of bronze; the cover is of cast iron; the valves of 
rubber. 

The paddle wheels are 22 feet 4 inches diameter, and each 
have nine curved feathering buckets 4 feet 4 inches deep by 15 
feet wide. The wheel frames are of wrought iron, and are secured 
to cast-steel centers. The buckets are of plate steel, and are 
strengthened by doubling where the bending and twisting are 
greatest. All joints run brass on brass except the eccentric, 
where it is brass on lignum vite. The pin in the center of the 
eccentric is fixed in a steel casting secured to the guard by bolts. 
The port shaft carries a small toothed wheel, by means of which 
the main engines can be moved bya small engine. They can 
also be turned by manual power. 

. The condensing water is supplied by two centrifugal pumps, 
one on each side, with runners 34 inches diameter. They are 
driven by 10 by 10-inch vertical single-cylinder engines. 

The boilers are fed by two Weir pumps, 113 by 16} by 20 
inches stroke, each arranged to work independently or in con- 
junction. There is another Weir pump, 8 by 9g by 18, fitted for 
fire and bilge and general auxiliary purposes. . 

The feed pipes are in duplicate, and either pump can supply 
water to both or any of the feed pipes. These pumps are ar- 
ranged so that they can circulate water in the boilers, and also” 
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empty them. They can also take water directly from the con- 
densers. A Weir’s distiller is fixed in the engine-room to make 
up the feed. This distiller is 3 feet 6 inches in diameter, and 3 
feet g inches long, and can supply 12 tons of distilled water 
a day. 

Steam is furnished by eight single-ended return-tubular boilers, 
working under 115 pounds pressure, four forward and four abaft 
the engines, arranged in four fire rooms, and for working under 
forced draft with closed fire rooms. They are of steel, 13 feet 
4 inches diameter and 10 feet 3 inches long, each with three 
corrugated furnaces 37} inches inside diameter. The furnaces 
are so made that they may be removed, and the joint at tube- 
sheet end is protected by a ring of fire brick. Each furnace 
has a separate combustion chamber. The grate surface is 465, 
and the heating surface 14,100 square feet. 

The ordinary tubes are of steel, 2} inches diameter and 6 feet 
6} inches long between tube sheets, and .118-inch thick; the 
stay tubes 2,9; inches diameter and .177 to .216-inch thick. 
Neither the ordinary nor the stay tubes are beaded over at the 
ends, but simply expanded. 

The screw stay bolts are spaced 7] inches apart, screwed into 
both sheets, with nuts on the fire side. 

There are two elliptical smoke-pipes. 

For forced draft, there are four 60-inch double inlet fans, each 
run bya Chandler motor. They take air from the upper part of 
the engine room, and each pair delivers into a rectangular duct 
which goes around the boilers, and has an opening in front of 
each with a slide by means of which the air can be regulated. 

Priscilla—This magnificent side-wheel steamer, described on 
page 848 of Volume IV, under the name of Mayflower, has just 
been completed for the Fall River line by the W. & A. Fletcher 
Co. of Hoboken. For the benefit of those members who may 
not have at hand the number referred to, the following particu- 
lars are repeated from the “ Marine Journal.” 

Length on load water line, 423 feet 6 inches; length over all, 
440 feet 6 inches; beam, 52 feet 6 inches; beam over guards, 93 
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feet; depth moulded at lowest point of sheer, 20 feet 6 inches; 
mean draft, loaded, 13 feet; displacement, loaded, 5,030 tons; 
mean draft, light, 12 feet; displacement, light, 4,550 tons. 

The main engine is of the double, inclined compound surface- 
condensing type, of 8,500 horse power. There are two high- 
pressure cylinders, each 51 inches diameter, side by side, forward 
of the main shaft, and two low-pressure cylinders, each 9§ inches 
diameter, side by side, abaft the main shaft, all having a stroke 
of 11 feet. 

The main engine shaft is in three sections, the two outboard 
ones having the driving, and the center section the drag cranks, 
there being two sets of cranks set at right angles. Each crank 
pin is connected to the connecting rods of a high and a low pres- 
sure cylinder. Owing to the inclination of the cylinders, the con- 
nections of but one cylinder can be thrown upon a dead center at 
the same time, thus insuring a very steady and even rotation of 
the main shafts, an equal distribution of power, and minimum 
vibration. Each low-pressure cylinder has its own air pump and 
surface condenser. The air pumps are vertical and are worked 
from the low-pressure crossheads. There are two independent 
centrifugal circulating pumps for each condenser. Total cooling 
surface of condensers, 16,000 square feet. The main steam chest 
valves are of the double poppet type, and are worked by double 

‘eccentrics and links. The high-pressure cylinders have adjust- 
able drop cut-offs; the low-pressure cylinders fixed ‘“ Stevens’” 
cut-offs. 

The paddle wheels are of the feathering type, 35 feet in diam- 
eter outside of buckets. There are 13 curved steel buckets in 
each wheel, each bucket being 5 feet deep by 14 feet wide. 

The main boilers, ten in number, are of the single-ended Scotch 
type, and were built for a maximum steam pressure of 150 
pounds. Each boiler is 14 feet mean diameter by 14 feet 6 inches 
in length, and contains three corrugated furnaces, each 45} inches 
diameter, and 184 Serves’ patent ribbed tubes 3$ inches diameter. 
The boilers are fitted both for natural and forced-draft under 
grates. The forced draft is supplied by two large Sturtevant 
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fans driven by independent engines. These fans, being placed 
in the main engine department, serve also to ventilate the engine 
room. The total grate surface of boilers is 850 square feet. Total 
heating surface, 35,400 square feet. 

An extra large donkey boiler, and two large fire and wreck- 
ing pumps are on the main deck. The pumps are so arranged 
and connected that they may for all purposes work independ- 
ently or together. There is also a large bilge pump in the 
engine department below deck, forming in all three complete 
wrecking and four very complete fire systems extending the full 
length and throughout the vessel. In addition, there are a num- 
ber of hand pumps in various parts of the vessel. 

The electric plant of the steamer consists of 1,900 incandes- 
cent lamps of 16-candle power each, supplied by three multipolar, 
direct-coupled, compound-wound dynamos, driven by horizontal 
“Tdeal” engines, having cylinders 11 inches diameter by 12 inches 
stroke. The capacity of each dynamo is 400 amperes and 125 
volts. 

After a highly successful trial trip on the Hudson and in New 
York Bay, the Priscilla \eft for Newport, where she will receive 
her outfit. The run from New York to Newport was made at 
the rate of 20.2 miles an hour. 

Favorite -—A small excursion steamer, built at Tompkins Cove, 
on the Hudson, is of interest from the fact that she will bea ° 
triple-screw steamer. She is 141 feet long, 36 feet beam, g feet 
depth of hold, and will draw about 4 feet of water. Her engines 
are compound, with cylinders 11 and 23 inches diameter, by 14 
inches stroke. Her boilers are two in number, 6 feet diameter, 
and 14 feet long, designed for a working pressure of 150 pounds. 

Campania and Lucania.—The following statement of the time 
of the voyages made by these steamers is from a tabular sum- 
mary in “ Engineering,” giving the daily runs, time of voyage, 
etc. 
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CAMPANIA, 
Mean speed 
No. of voyage. Distance. | Time. — for he 
voyage. 
| & 
2,858 | 6 8 51 18.70 
2,812 5 21 15 19.92 
2,895 | 5 20 18 20.63 20.275 
2,880 s 6 21.11 
2,913 5 18 2¢.91 } 38.08 
2,79 5 15 24 20.65 
§ 20.34 20.495 
2,781 6 32 9 18.93 
2,816 5 15 4 20.83 } ag. 
2,802 5 18 22 20.25 6 
2,820 5 20 30 20.07 ans 
5 13 37 20.83 
2,799 5 12 15 21.17 21.00 
2,790 5 20 45 19.83 
2,820 5 16 54 20.60 
2,863 o = 18.24 
2,871 5 15 44 21.16 89.70 
Mean speed for nine round voyageS......00 20.304 
LUCANIA. 
2,751 5 16 I9 20.18 
2,785 5 17 16 20.29 
33 20.96 20.86 
2,853 6 15 17.94 
2,87 16 17 17.94 
= 5 13 14 21.77 19.855 
2,90 18 47 20.94 
2,892 ° 5 13 40 21.63 21.285 
Mean speed for six round voyages........+ 20.394 


The best time has then been made by the Campania, 5 days 
12 hours and 15 minutes, although the Lucania has made the 
greatest speed, not only for the mean of the round voyages, but 
also for a single and a round voyage, as well as for the day’s 
run in each direction, her biggest runs being 546 miles when 
running to the westward, and 516 to the eastward. 
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STEAM YACHT RACE. 


On the 27th of February, there was a steam yacht race in the 
Mediterranean, under the auspices of the Nice Yacht Club, from 
Cape Martin to Genoa, a distance of 75 nautical miles. The 
contesting yachts were the Fauvette, owned by Mr. E. A. 
Perignon, the Mamouna by Mr. James Gordon Bennett, the 
Foros by Mr. A. Kousnetzoff, the Roxana by Prince Leuchten- 
berg, and the Aros by Baron A. de Rothschild. They finished 
in the following order: 


Time. Mean speed. 
hrs. = min. knots. 
Fauvette,- . ‘ eer 57 15.15 
Namouna, . ‘ 03 14.8 


The Roxana and the Zros followed a few minutes later, but 
their time was not taken. 

The Fouvette is 420 tons yacht measurement, the Vamouna 
740, the Foros 1,086, the Roxana 812, and the Eros 737. The 
Fauvette was designed by Mr. Dixon Kemp, and built last year by 
Ramage and Ferguson Leith, Scotland. The engines of the 
Fauvette, Namouna and Foros are of about the same power, 1,100 
I.H.P. The Roxana is of about 1,000 I.H.P., and is fitted with 
two Oriolle boilers. 

The Fauvette is 177 feet long, 22 feet beam, 18 feet depth of 
hold, and draws about 12 feet of water. The NMamouna is 219 
feet 4 inches long, 26 feet 4 inches beam and 18 feet depth of 
hold. 

This race was followed by a handicap race, the conditions of 
which were arranged by Mr. James Gordon Bennett, who offered 
a prize of 5,000 francs to the winning yacht. Four yachts 
started, but only three finished, the race being won by the 
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Roxana, in 3 hours 32 minutes 5 seconds, with Foros second, 
and Eyos third. The Foros was giving the Roxana 3, and the 


Eros 14 minutes, but the actual time of the Foros was nearly 6 


minutes more than that of the Roxana. The distance was 52 
miles, so that the average speed of the winning yacht was 14.7 
knots. 

Margarita —Formerly the Semiramis, was recently purchased 
by Mr. Anthony J. Drexel, of Philadelphia. She was designed 
by Mr. Alfred H. Brown, of London, and built by Ramage & 
Ferguson, Leith, from whose yard she was launched on the 30th 
of May, 1889. She is 206 feet over all, 194 feet on the water 
line, 27 feet beam, 16 feet depth of hold, and of 703 tons. 

Her engines are triple-expansion, 18, 29 and 47 inches diam- 
eter, by 33 inches stroke, of about 750 I.H.P., working with a 
boiler pressure of 160 pounds. Her machinery and bunkers 
occupy about 48 feet in length of the vessel. She was built 
with an eye to comfort rather than speed, and is said to be a 
model yacht. She stows about 150 tons of coal. 

On her trial in the Firth of Clyde, July 3, 1889, she made 
12.5 knots, and is said to be able to make 12 knots at sea. 

Formosa.—A two-masted steam yacht building by the Atlantic 
Works, East Boston, for Mr. Fabyan, of New York, was 
launched on the 18th of April. She is of steel, 157 feet over all, 
132 on the water line, 22 feet beam, and draws 114 feet. She 
will have a triple-expansion engine of 850 horse-power, steam 
for which will be furnished by two Almy water-tube boilers. 

Pilgrim.—This sailing yacht is being converted into a steam 
yacht, and will have twin-screw compound engines of 500 horse- 
power, and two Almy boilers. 

Zeta.—A steel schooner-rigged steam yacht, designed and 
built by Ramage and Ferguson. She is 133} feet long, 204 beam, 
and 11? moulded depth. Her engine is triple-expansion, with 
cylinders 12, 19 and 30 inches diameter by 21 inches stroke, 
steam being furnished by a cylindrical boiler working at a pres- 
sure of 180 pounds per square inch. Amongst her fittings is a 
naphtha launch made in this country. 
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——.—The same firm is building, from the design of Mr. G. 
L. Watson, an auxiliary three-masted steam yacht, of about 650 
tons, for Lord Charles Gordon-Lennox. She is 190 feet long, 
29 feet beam, and 18 feet depth of hold. Her engines are triple- 
expansion, of 700 I.H.P., with cylinders 14, 23 and 36 inches 
diameter by 27 inches stroke. Steam is furnished by two Belle- 
ville boilers. She has a Bevis feathering screw propeller. 

Another steam yacht by the same firm is 149 feet long, 20 
feet beam, 12 feet depth moulded, and of 280 tons. She hasa 
triple-expansion engine with cylinders 13, 21 and 34 inches 
diameter by 22 inches stroke, and a cylindrical boiler working 
at 165 pounds pressure. She is for Colonel Henry Platt, of 
North Wales. 
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SEATON AND ROUNDTHWAITE’S PocKET Book oF MARINE 
ENGINEERING RULES AND TaBLEs. D. Van Nostrand Co., New 
York. Price, $3.00. 

To the great body of engineers engaged in marine work, to 
whom Seaton’s Manual of Marine Engineering has been such a 
standard of reference, it will hardly be necessary to say that the 
present work is one of great excellence. It is a volume of 418 
pages, containing general rules for the size of the different parts of 
marine engines, Lloyds’ and Board of Trade Rules for boiler 
construction, as well asthe recent British Admiralty practice for 
naval boilers. It may be considered as a condensed edition of 
Seaton’s Manual, supplemented by tables of dimensions of differ- 
ent parts of engines, weights of materials of engines and of boilers, 
all brought down to the latest practice, besides the usual tables 
of areas, etc. 

One of the tables which will be of great convenience in the 
comparison of the performance of ships is that of the two-thirds 
powers of numbers. The book is of such great merit that it 
should meet with as much favor as Mr. Seaton’s Manual has, 
and be in the possession of every engineer having to do with 
marine work. It is well printed on good paper, and has a flex- 
ible morocco cover. 


A oF ARCHITECTURE.—By W. H. Wuite, C. B., 
LL. D., F. R.S., Direcror NAvAt Construction, Navy. 


Every one interested in naval architecture will be glad to know 
that Dr. White has thoroughly revised his well-known treatise 
on naval architecture,,and brought it up to date to the end of 
1893. This book has long filled a unique position in technical 
literature. While written in a somewhat popular way, and not 
so much for naval architects as for other persons interested in 
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shipping, who were not supposed to have the professional edu- 
cation of naval architects, the book, nevertheless, is in many ways 
the best compendium of information on this subject which has 
ever been published. Dr. White’s ability as a writer on techni- 
cal subjects is too well known to every student to need any com- 
mendation, and it may be simply remarked that this latest edi- 
tion of his book maintains his high reputation. All the changes 
in naval architecture and marine engineering as affecting naval 
architecture which have occurred since the last previous edition 
of his book have been noticed, and the new edition will be found 
to answer almost completely every question which can arise in 
connection with naval architecture. 

There is only one regret to be expressed, as far as Americans 
are concerned, in connection with this excellent work, and that 
is that most of our work in this country is quietly ignored by Dr, 
White. In discussing the subject of coil boilers great attention 
has been paid to what has been done in Europe, and yet there is 
not a word about the exhaustive trials of the Ward and Cowles 
boilers, nor of the trials of the Monterey, and nothing is said 
about the experiments for determining the amount of coal used 
on full-power forced-draft trials, which have never been made 
except in our own Navy. Possibly it may be his idea that the 


‘matters occurring in England which come under his immediate 


notice are better for his purpose, but it would seem that the care- 
fully conducted experiments by our own officers, and published 
in official reports, would be as authentic as could be desired, and 
in many ways they furnish better data than any of the experi- 
ments on the other side. 
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Rison’s Pressure-Recording Gauge, 
STEAM, WATER, GAS, AIR, OIL 
ano AMMONIA PRESSURE. 


The only successful and recognized Standard 
Pressure Recorder, having been over 20 
years in use, in all parts of the world. 


Indispensable where fuel economy and mon- 
itorial value is desired. ‘ 


200 employed by National Transit Co, 
81 employed by Illinois Steel Co. 
67 employed by U. S. Government, 
52 employed by British Government. 
5 empl’d by Marshall, Field & Co., 
(Chicago.) 
Also by the Paris, Mew York, Friesland, 
Berlin, Columbia, Russia, First Bismarck, 
Suevia, Normannia, and other steamships. 


Address for full particulars the sole propri- 
etor and inventor, 


Srvxs No. 1. JARVIS B. EDSON, PATENTEE, 


™ 87 Liberty St., New York, N. Y. 
Tuos. F. Rowxanp, President. Warren E. Hit, 
Tuos. F. Row.anp, Jr., Treasurer. Cuas. H. Consett, Vice-Presidents. 


WEST AND CALYER STREETS, 
Near Fart soth and Sts. Ferries BROOKLYN, N. 


New York. 
MANUFACTURERS IN THE UniTep STATES OF 


CORRUGATED 
FURNACES 


MARINE AND LAND BOILERS. 


In sizes from 28 to 6o inches in diameter, with flanged or plain ends. 
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SCHRADER SON, 


‘MANUFACTURERS OF IMPROVED 


SUBMARINE ARMOR 


AND 


DIVING APPARATUS, 


32 ROSE STREET, NEW YORK. 


SCHAFFER & BUDENBERG, 


MANUFACTURERS OF THE 


IMPROVED THOMPSON INDICATOR. 


Adapted for all speeds, unsur- 

ssed for Reliability and Excel- 

ence of Workmanship. Sold at 
a Moderate Price. 


TACHOMETERS. 
Pressure Gauges for all Purposes, 


Engine Counters and Registers, 
Marine Clocks, Thermometers. 


The Peerless and Manhattan Automatic Injectors, 
Reducing and Regulating Valves, &c. 


WRITE FOR CATALOGUE. 
Works, BROOKLYN, N.Y. 


SALESROOMS: 


No. 22 W. Lake Street, Chicago. 
No. 66 John Street, New York. 
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OF ALL KINDS 
FOR EVERY POSSIBLE PURPOSE. 


WHITE LEAD 
RED LEAD 
PAINTERS’ GOLORS 


ZING WHITES 


French and American. Guaranteed 
strictly pure and of best make and 
preparation. 

ANTI-RUST 


A perfect preservative for structural iron. 
May be applied to hot or cold surfaces. 
Best coating for all sorts of pipe sur- 
faces for all exposures. 


SPECIAL PAINTS 


Large factories and complete equip- 
ment permit the supply of special paints, 
made to any given formula, and in any 
quantity, at shortest notice, with rigid 


ADHERENCE TO SPECIFICATIONS GUARANTEED. 


HARRISON BROTHERS & CO. 


PHILADELPHIA 
NEW YORK 


Correspondence solicited 


on any paint topic. CINCINNATI. 
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McINNES’ 


ENGLISH 


PATENT METALLIC COMPOSITION: 


AND PROTECTIVE COATING 
FOR BOTTOMS OF STEEL AND IRON SHIPS. 


In use by all the Principal Lincs of European and American Steamers 
and Steam Yachts. It is the ‘ Fastest’’ Coating 
for Ships or Yachts. 


GEORGE N. GARDINER, Sole Agent for the U. S. 


Telephone Call, 3070 Cortlandt. 
Agency in San Francisco, 


THE CALIFORNIA PAINT co., 58 SOUTH ST., N. ¥.. 


22 Jessic Strect. 


NEWPORT NEWS 


SHIPBUILDING AND DRY DOCK COMPANY. 


WORKS AT NEWPORT NEWS, VA. 
(ON HAMPTON ROADS.) 


Equipped with a Simpson’s Basin Dry Dock, capable of docking 
a vessel 600 feet long, drawing 25 feet of water, 
at any stage of the tide. 


REPAIRS MADE PROMPTLY AND AT REASONABLE RATES. 


- SHIP AND ENGINE BUILDERS - 


For Estimates and further particulars, address 


C. B. ORCUTT, Pres’t, No. 1 Broadway, New York. 
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TOBIN BRONZE. 


Tensile strength one-inch rods upwards 
of 79,000 Ibs. per sq. inch. 
Torsional strength equal to the best 
Machinery Steel. 


NON-CORROSIVE IN SEA WATER. 


Round, Square and Hexagon Bars for bolt forgings, 
&c., Pumps Piston Rods, Yacht Shafting, Ship Sheath- 
ing, Spring Wire, Rolled Sheets and Plates for Pump 
Linings, Condenser Tube Sheets. Hull Plates for 
Yachts and Torpedo Boats, etc. 


CAN BE FORGED AT CHERRY RED HEAT. 


ANSONIA BRASS AND COPPER C0, 


SOLE MANUFACTURERS. 
Send for Circular. 19 and 21 Cliff Street, NEW YORK. 


ESTABLISHED 1857. 


AMERICAN Sup WINDLASS Co. 


P. O. Box 53, PROVIDENCE, R. I. 


BUILDERS OF 


Windlasses and Capstans 
NAVAL WINDLASSES, 
NAVAL CAPSTANS, 


Worked either by Hand or Steam Power. 
IN USE ON THE NEW CRUISERS OF THE U. S. NAYY. 


This Company is prepared to execute orders for Ship Machinery of alt 
kinds in either Iron or Steel, with promptness and despatch. 
Send for Illustrated Catalogue. Address 


FRANK S. MANTON, Agent. 
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WORTHINGTON PUMPS 


MARINE "SERVICE 


Boiler-Feed Pumps 
Vertical Boiler-Feed Pumps 
Tank Pumps Low Service Pumps 
Bilge Pumps 
Sanitary Pumps 
Circulating Pumps Ballast Pumps 
Air and Circulating Pumps 
Wrecking Pumps Independent Condensers 


HENRY R. WORTHINGTON 
86 and 88 Liberty Street NEW YORK 


THE EDDY VALVE CO., 


WATERFORD, N. Y. 


GATE VALVES 


OF ALL KINDS 


FOR 


Steam, Gas, Water, Oil, &. 


\\ Foot Valves, 
= Check Valves, 
Fire Hydrants, 
Yard Hydrants. 
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